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UNITED STATES ENVIRONMENTAL PRO~CTION AGENCY 

Reply To 
Attn Of : · HW-1 1 3 

Mr. Matthew Dalton 

REGION10 . 
1200 Sixth Avenue 

Seattle, Washington 98101 

A:B 2 7 1'11 

Dalton, Olmsted & Fuglevand, Inc . 
19017 120th Ave N. E ., Ste ·107 
Bothel l, WA 9801 1 

Re: Tacoma Tar Pits I nspection Maintenance Manudl 

Dear Mr . Da-],.ton: 

This letter is a follow-up to ·our telephone conversation of 
2/26/96. As d i scu.ssed, the I&M manual has an error O:\ ?age 3 
regarding the number of years that the inspection and rnainte~anCE! 
will be carried out by WNG. The first sentence in the .•.a. s t 
paragr aph should read "The property will bE w-1,intained by WNGC 
f or 30 year s ." _.., 

... -----· 
Ple ase corr ect the typo in your copy. We will amend C'.:' .i:" 

copies accordingly. 

If you have any questions , please feel free to call me . 

ddJ1 - ------
't"" 

cc: Kaar en Daughe~ty, WNG 

. . ' 
J, 
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MANUAL ORGANIZATION 

Revision No. 0 

This Inspection and Maintenance Manual 1s divided into two parts: organizational and 

technical. 

Sections 1.0 through 5.0 of the text provides the organizational framework for carrying our 

the Inspection and Maintenance Program for the Tacoma Historical Coal Gasification Site 

(THCGS). It identifies the parties responsible for the Program, and describes the 

development of procedures for inspections and repairs, schedules of inspections and repairs , 

recordkeeping, evaluation of inspection results (including basic acceptance criteria) and 

performance of maintenance and repair work. 

Sections 6.0 through 11.0 provide the technical requirements for performance of inspection 

and maintenance. 

Appendix A contains inspection and maintenance record forms for the drainage features, 

concrete and asphalt surfaces, and waste pile cover. 

Appendix C contains test specifications. 

Appendices B and D through F contain manufacturer's catalog cuts of recommended 

materials for use in maintenance and repairs. 
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1.0 PROGRAM REQUIREMENTS 

Revision No. 0 

The Inspection and Maintenance (I&M) Program for the THCGS covers inspection, testing 

and repairs for the functional features of the remediation, which include the asphalt and 

concrete pavements, the vegetated waste pile cover and various drainage systems. The 

Program defines t11e performance requirements to be achieved, identifies the parties 

responsible to carry out the program and the methods of achieving the performance 

requirements. This l&M Manual was prepared on behalf of Washington Natural Gas 

Company (WNGC). The Manual was reviewed, revised, and approved by the U.S. 

Environmenta l Protection Agency (EPA), Department of Ecology and JS&S prior to 

implementation. 

Post remediation groundwater sampling, monitoring well l&M, associated health and safety 

procedures, and potential corrective action for groundwater will be described in a separate 

plan (Post Remediation Ground Water Monitoring Plan) to be submitted later to the EPA for 

review and approval. 

1.1 SYSTEM DESCRIPTION AND GENERAL PERFORMANCE REQUIREMENTS 

The purpose of the cover system is to isolate the underlying stabi lized waste materials from 

the surface environment and minimize infiltration of surface water into the subsurface. The 

cover system at the THCGS consists of several components which are described below. The 

primary site features are shown on F igures 2 and 3 . 

Waste Pile Cover - This component covers stabilized waste and is a "hybrid cover" of grass , 

soil, and geosynthetic fabrics. The purpose of this cover is to prevent physical d isturbance 

(e .g. erosion) of the stabilized materials and minimize the potential for water to contact the 

underlying materials . 

Waste Pile Drainage System - The drainage system for the waste pile consists of lined open 

ditches and box culverts which channel water to Detention Basin No. 1 prior to discharge 

into the Burlington Northern Railroad (BNRR) ditch. The Detention Basin is lined with low 

permeability asphalt. 

Metal Recycling Area Cover - The cover in the metal recycling area consists of concrete 

and asphalt. The purpose of the cover is to minimize the potential for water to infiltrate into 

G:\WP\3669\07960A ♦ 8-9-95 2 
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Revision No. 0 

the underlying soils and to allow metal recycling operations to continue. The asphalt consists 

of two layers; a low penneability layer covered by a more penneable but more durable layer. 

Metal Recycling Drainage System - The drainage system in the recycling area consists of 

a series of catch basins , man-holes , and buried concrete pipe which divert water into 

Detention Basin No. 2 prior to discharge. The detention basin is lined with low penneability 

asphalt. 

The surface of the remediated area of the THCGS shall be maintained so as to preserve its 

integrity and continuity over the entire area. Conditions which impair the integrity and 

continuity of the surface shall be detected and the defects repaired. 

Positive slopes shall be maintained over all surfaces to allow water to drain freely without 

ponding. 

The drainage systems remove stonn water from the remediated portion of the THCGS. The 

catch basins, piping, BNRR Ditch and Waste Pile perimeter ditches shall be kept clean and 

available to perfonn this function. Piping joints shall be tight and pipes free of defects. 

Leak tightness of the systems shall be verified by standard test methods specified hereinafter. 

1.2 RESPONSIBILITY FOR PROGRAM EXECUTION 

WNGC shall be responsible for the execution of the inspection requirements set forth in this 

I&M Plan for the indicated periods. 

The responsibility for the maintenance and repair requirements of the JS&S property shall 

be divided between JS&S and WNGC. JS&S shall be responsible for repairs of damage, 

routine maintenance, and/or wear caused by its operations on its property. WNGC will be 

responsible for other maintenance associated with the remediation work perfonned by 

WNGC or repair requirements due to design or construction deficiencies. 

The remaining property will be maintained by WNGC for 20 years. The inspection 

summary table following this page defines the scope of inspections. The agreed schedule 

shall be revised from time to time as conditions warrant and the revisions provided to the 

Parties, and the EPA. 

G:\WP\3669\07960A ♦ 8-9-95 3 
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When it is determined based on evaluation of a reported condition that maintenance or repair 

is required, a recommendation will be prepared to perform work. The recommendation will 

be prepared in writing by the person or persons performing the evaluation and will be 
reviewed by the Parties and by the EPA. 

INSPECTION SUMMARY TABLE 
TACOMA IDSTORICAL COAL GASIFICATION SITE 

Maintenance Item 

JS&S Drainage System 
(JS&S ope rating areas and 
Detention Basin 2) 

WNGC Drainage System 

Waste Pile Cover Drainage 
and Turf 

JS&S Asphalt and 
Concrete Pavements 

W NGC Asphalt Pavement 

G:\WP\3669\07960A ♦ 8-9-95 

Inspection Schedule 

• Twice in the first year 
• Annually thereafter 
• Observe for flow in manhole end 

of dry season 
• Unscheduled inspections will be 

made af1er periods of heavy 
precipitation 

• Twice in the first year 
• Annually thereafter 
• Unscheduled inspections will be 

made after periods of heavy 
precipitation 

• Inspections should take place 5 
days af1er mowing 

• Monthly for the first wet season 
• Then every six months 
• Unscheduled inspections will be 

made after period:1 of heavy 
precipitation 

• Twice during the first year 
• Thereafter annually 
• Hydraulic conductivity testing 

performed at 5-year intervals 
(asphalt only) 

• Twice during the first year 
• Thereafter annually 
• Hydraulic conductivity testing 

performed at 5-year intervals 

4 

Inspection Items (Section) 

• Detention Basin 2 (4.3, 8 . 1) 
• Control Structures (8.1 ) 
• Flow Restrictors ( 8. I) 
• Pipes (8. 1) 
• Catch Basins and Manholes 

(8.1) 

• Detention Basin 1 (3 .3 .1 , 8.1 ) 
• Control Structures (8.1 ) 
• Flow Restrictors (8. 1) 
• Pipes (8 .1) 
• Open Ditches (8.1 ) 

• Development of topsoil cracks 
(3.1.1.1, 3.1.2 .3) 

• Bare areas (3.1.1.2, 3.1.2.2) 
• Surface erosion (3.1.1.2, 

3.1.2.5) 
• Mowing (3. 1.1.2, 3.1.2. 1) 

• Erosion (6.1 , 6 .2.5, 10.3 , 
10.4.3) 

• Abrasion (6 .1, 6.2.5, 10.3 , 
10.4.3) 

• Cracking (6 . 1, 6.2.1 , 10.3, 
10.4.1) 

• Settlement (6.1 , 6.2.2 , 10.3) 

• Erosion (6 .1 , 6.2.5) 
• Abrasion (6. 1, 6.2.5) 
• Cracking (6.1, 6.2 . 1) 
• Senlement (6.1 , 6.2.2) 
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1.3 SUPPORTING DOCUMENTATION 

Revision No. 0 

The work to be inspected and maintained under this program will be defined in the project 

closure report. This report will consist of the original design documentation revised to 

incorporate changes made during remediation. 

Revisions to the Program and to the Procedures in this Manual may be made from time to 

time by WNGC as conditions warrant. Revisions to this Manual will be furnished to the 

Parties, including the EPA and the Washington Department of Ecology, for review prior to 

implementation. 

WNGC shall approve all Procedures and revised Procedures prior to their use. 
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2 .0 TRAINING 

2.1 INSPECTORS 

Revision No. 0 

Inspectors shall be knowledgeable of Lhe inspection criteria and maintenance procedures of 

the vegetated waste pile cover, pavements, and permanent storm water drainage facilities as 

described in this manual. '!E_e primary means of i~ection shall be visual observations. X 
The inspectors shall be familiar with the rypes of problems that may occur such as types of 

cracking. Thorough knowledge of asphalt pavement condition rating techniques such as that 

contained in the Asphalt Institute Information Series No. 169 IS-169) , "A Pavement Rating )( 

~em for Low-Volume A~h~oa~" ~l!_gh knowlegge of concrete pavement 

condition rating techniques such as that contained in the ACI Journal ~ay 19~, "Guide for 

Making a Condition Survey of Concrete Pavements" shall be required. It is essential for ..___-.;;;.__________________ ... 

inspection personnel to have a thorough understanding of the operation of the installed 

storm water drainage system including the operation of the flow control structures. Personnel 

shall be trained to keep accurate records and documentation of field observations including 

photographic and videotape visual observation techniques. A thorough knowledge of the 

objectives of this inspection and maintenance program is required. 

2.2 MAINTENANCE WORKERS 

All personnel performing maintenance and repair work in accordance with the Procedures 

prescribed by the Inspection and Maintenance P rogram shall be qualified to perform repairs 

in accordance with the applicable repair procedures. The personnel shall be experienced in 

all aspects of turf maintenance including mowing, erosion control, mechanical weed control , 

reseeding, mulching, and fertilizer and lime application. The personnel shall also be 

experienced in the repair of geonet, high densiry polyethylene (HDPE) membrane, 

geosynthetic clay liner and geotextile. The personnel shall be experienced in the cleaning 

and repair of storm drainage systems and ditches. The personnel shall be experienced in the 

cleaning, removal, patching, crack sealing, surface sealing, joint sealing, resurfacing, 

overlaying, and sawcutting of asphalt and concrete pavements. 
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3.0 WASTE PILE AREA 

3 .1 WASTE PILE COVER 

Revision No. 0 

The waste pile cover consists of 2 di fferent sections. One section is installed on the 

relatively flat top of the waste pile. The second section is used on the 3 horizontal to 1 

vertical (3H: 1 V) side slopes. The following is a description of the cover system beginning 

with the base layer. 

a. Top of Waste Pile Cover 

1) A geotextile p lace d irectly on the prepared waste pile surface. 

2) A geosynthetic clay layer placed on the geote_xtile . 

3) A minimum 60 mil. thick HOPE geomembra}le texrured on both si~es. 

4) A multilayer geosynthetic composite consisting of a geotextile bonded to 

both sides of a geonet. 

b. Side Slopes of Waste Pile Cover 

1) A geotextile placed directly on the prepared waste pile surface. 

2) A minimum 60 mil. thick HDPE geomembrane placed on the geotextile. 

3) A multilayer geosynthetic composite consisting of a geotextile bonded to 

both sides of a geonet. 

4) An HDPE geomembrane as described above. 

5) A geosynthetic composite as described in 3) .above. 

Above the geosynthetic composite a 12-inch thick layer of sandy gravel (top cushion layer) 

is placed. The surface layer will be a 6 inch thick layer of topsoil. The topsoil will be 

hydroseeded. 

3 .1. 1 Inspection 

The waste pile cover drainage and turf are interrelated and, as such, both should be inspected 

at the same time. To detect erosion during the period when rurf is being established , 

inspections should be frequent. Inspections should take place 5 days after mowing, monthly 

for the first wet season year, then every six months. 
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Unscheduled inspections of the waste pile cover will be made after periods of heavy 

precipitation, i.e., high intensity short duration storms or sustained periods (days) of above 

average precipitation. These inspections will be at the discretion of the inspection staff but 

will occur at a minimum for each (a) short-duration event exceeding two inches of 

precipitation in a single 24-hour period and (b) sustained-duration event exceeding five inches 

of precipitation over a seven-day period. The short-duration event is approximately a 2-year 

return period event and the sustained-duration event is 50% of approximately a 100-year 

return period (interpreted for the Tacoma Historical Coal Gasification Site (THCGS) from 

"Storm Water Management Manual for Puget Sound Basin" (Ecology 1990 Draft). 

3 .1.1 .1 Waste Pile Surface Inspection 

The waste pile cover will be inspected by persons systematically walking the waste pile 

surface but paying particular attention to the side slopes where because of the steepness, 

3H: 1 V, problems are more likely to develop. Walking of the waste pile should be in a 

systematic manner , i. e. in a regular pattern so that the whole surface is observed and 

changes to features can be noted on a consistent basis. While walking the waste pile surface >( 
all cracks a~ressions will~ on a ma~ nd Qhotographed_. Comparison with the 

photos taken on previous inspections will permit accurate evaluation of crack or depression 

activity. For the best viewing of the waste pile cover, inspections should be scheduled for 

no more than 5 days after mowing. The flows in all culverts and plastic pipes will be noted 

for comparison with flows found on future inspections . 

Topsoil Cracks 

All cracks should be dug out to verify that the full crack depth has been observed. Depth x. 
of cracks in the 6-inch-thick topsoil layer and the 12-inch-thick top cushion layer will be 

determined by hand digging to the underlying geonet. The geonet will be inspected for tears 

and, if torn , the underlying HDPE, geosynthetic clay liner , and/or the geotextile will also 

be inspected in turn for damage. Surface cracks which lengthen or reappear after filling ~ay 

require a more thorough investigation fitting the particular failure. ~ateral extent of X 

cracks should be flagged so thaLcrack extension can be easily monitored. 
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Depressions in the topsoil should not be disturbed if they do not create a problem such as '/...... 

interferiria with rt: ondin water or increasin ·n_siz~.en 

~ - Problem depressions will be explored by hand digging to the top of the geonet 

in enough places to establish the cause of the depression, i.e. settlement of the waste pile 

itself or consolidation and/or downslope movement of the topsoil layer. The condition of 

the geonet should be evaluated and if excessively stretched or tom the underlying HDPE and 

clay liner should also be examined . A depression not explained by distress in the cover layer 

may indicate settlement of the waste pile requiring long-term corrective actions. Seeps, boils 

or saturated areas will be investigated promptly since their appearance may indicate damage 

to or malfunction of the drainage layer (geosynthetic composite). 

3.1.1.2 Turf Development 

Bare Areas 

The waste pile cover will be inspected to determine whether the sodded surface necessary 

to prevent erosion of the 6-inch-thick topsoil surface layer has fu lly developed. Bare areas <.._ 
and areas of "spotty" growth will be mapped and photograp'2:_d. 

Surface Drainage 

Surface drainage of the waste pile was designed to be by sheet flow from the top of the 

waste pile, down the 3H: 1 V side slopes to the toe drainage ditches or structures. Settlement 

of the waste piles may result in concentrated flow paths which may become eroded during 

periods of heavy precipitation. Erosion may be particularly troublesome in the first one or 

two years after seeding before the turf is well established and settlement from the final stages 

of waste pile construction is still occurring. An inspection of the waste pile surface, ditches, 

precast concrete trenches, culverts and HDPE pipes should be made during and after periods 

of heavy precipitation. Heavy precipitation events are defined in paragraph 3 .1.1 Inspection. 

~eas of erosion and gullying caused 121' conceng:~ed water flo~ will be mal'ped and 

photographed and corrective measures desi~ 
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Ipspection of vegetationJUQwing should be made within 5 days of the mowin1?_. Inspection 

should consist of measuring the vegetation height after mowing and reviewing the condition 

of the cover surface to insure that the mowing equipment is not tearing , or rutting or 

otherwise damaging the vegetation. 

3 .1.2 Maintenance 

Inspection Reports shall be evaluated by authorized representatives of WNGC. 

3. 1.2 .1 Mowing 

Mowing Procedures 

A priority goal of the mowing program for the cap area is to m1mm1ze the number of 

mowings. This will reduce potential for soil slippage and cap damage caused by mowing 

equipment. The actual number of mowings shall be determined by the growth rate of the 

grass. Mowing of the vegetative cover will be done when the cover is between 12 co 18 

~ - 2!1e cover will be mowed to ~ches high. Such a regime is estimated to 

involve approximately two to three mowings_per year. Mowing will be across the slope so 
-------=--""" -
as to minimize the formation of erosional flow paths that may be initiated by up and down 

slope mowing. Grass clippings will be left to remain and decompose on the turf. Except 

for the above specifications , t!1e Washington State Department of Transportation (WSDOT; )(_ 

standard specification for mowing [8-01.3(11}] shall be followed (see Appendix C) . The ---mowing equipment operator will be instructed to watch for and report to the WNGC 

representative any cracks, depressions or other signs of cover damage. All horticultural 

operations should be done perpendicular to the slope. 

Mowing Equipment 

The type of mowing equipment will be selected by the mowing contractor but the WNGC 

Representative will be the sole judge of the adequacy of the equipment and methods of use. 

Equipment which pulls or rips the vegetation or ruts the turf in any manner will not be 

permitted. Removal of cuttings will not be required. 
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The mowing schedule will be the WNGC Representative's responsibility. Since the rate of 

vegetation growth is seasonal with high growth rates in spring and early summer and low 

rates in winter, scheduling mowings on a regular basis may not be appropriate. Mowing of 

the 3H: 1 V slopes should not be done from December through February or after periods of 

sustained heavy precipitation. The schedule of mowing and waste pile cover inspection 

should be coordinated so that the cover inspection occurs not more that 5 days after mowing. 

3.1.2.2 Turf Maintenance 

Bare Areas 

Areas which do not develop a satisfactory turf will be "shallow" disced (2 to 3 inches depth) 

and resown with the original seed, fertilizer and mulch mixture . ~ 

~rch 1 and May 15 or between August 15 and October 1 or whe~ected by_tbe ;( 

~NGC _Bepresentative. If the resowing does not "take," samples of topsoil from the bare 

area may be taken and tested as necessary to determine reason for non-germination. 

Fertilization and Liming 

Topsoil shall be tested annually in the summer for fertility and pH. Annual fertilizer and '/ ___ ;;...i::...::....::.=-'c.;.:;..:.~::...:.......:...::..::~.:.....:.:.=-:::..::.:.:..:....------------_.::---.......-
lime applications shall be based on the results of soil fertility and pH analyses conducted by 

a qualified soil analysis laboratory. Fertilizer and lime applications shall be applied annually 

between August 15 and November 15 using broadcast application. 

Insect , Disease, Weed, and Tree/Shrub Control 

~o pesticide~J]erhicides,_shaH he used atj!fil' ti~. Control of noxious weeds )( 

shall be by mechanical or physical means. Invasions of trees and shrubs [such as Scot' s 

broom (Cytisus scoparius)] shall be controlled using hand-pulling and mowing. 

3 .1. 2. 3 Cracks in Topsoil 

Cracks Which Do Not Damage the Geosynthetic Composite. 
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If inspection of a crack shows that the crack does not affect the multi layer geosynthetic 

composite, the crack shall be backfilled with the same material used in the original 

construction and compacted in lifts , 4 inches in compacted thickness. Compaction will be 

by 2 passes of a manually operated compactor or as directed by the WNGC Representative. 

The topsoil shall be seeded, fertilized and mulched by hand spreading methods. 

Cracks Which Damage the Geosynthetic Composite 

If inspection of a crack shows that the multilayer geosynthetic has been torn or stretched , the 

existing topsoil will be removed to expose the affected area. The damaged area shall be 

repaired by methods recommended by the material manufacturers. The WNGC 

Representative may request that a field representative of the material manufacturer and/or 

the original installer be present when the initial repairs are being made. The excavation shall 

be backfilled with the same material used in the original construction. The material shall be 

placed in lifts 4 inches in compacted thickness. Compaction shall be by 2 passes of a 

manually operated compactor or as directed by the WNGC Representative. The topsoil shall 

be seeded fertilized and mulched by hand spreading methods. 

3 .1. 2 .4 Depressions in Turf 

Shallow Depressions 

~ons which do not affect either the surface drainage or the multilayer geosynthetic ~ 

composite will not be disturbed. 

Deep Depressions 

Depressions causing ponding or otherwise affecting surface drainage of the waste pile surface 

but not affecting the multilayer geosynthetic will be regraded with topsoil to the original 

design grades or as directed by the WNGC Representative. The topsoil will be compacted 

by 2 passes of a manually operated compactor and seeded, fertilized and mulched as 

specified for the original construction. 

Depressions which, upon inspection are found to have resulted in damage to the multilayer 

geosynthetic shall have all topsoil removed, the geosynthetic repaired and the topsoil replaced 

and vegetated as described above for "Cracks Which Damage the Geosynthetic Composite." 
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Temporary maintenance of surface drainage over erosion-damaged areas during heavy rains 

shall consist of covering the particular erosion area with plastic sheeting and the construction 

of sandbag headwalls to d irect the flow onto the plastic sheeting . Sandbag headwalls with 

culvert pipe laid on the slope may be required for larger concentrated flows. During heavy 

rains eroded material carried into ditches should be removed to maintain ditch flows and to 

prevent flows from "jumping" the ditch causing additional slope erosion. 

Surface Drainage Afte r Heavy Rains 

The permanent repair for each area of slope erosion repair will be unique and will require 

an "individual" design. In general the restoration of surface drainage will be accomplished 

by regrading with topsoil to original grades or, if possible, grades established to 

accommodate additional settlement. Regraded areas will be reseeded as specified for original 

construction . 

3.2 DRAINAGE DITCHES AND CULVERTS 

The WNGC drainage system including dra inage ditches, culverts, Detention Basin No. 1, 

the outfall co the BNRR Ditch , and the BNRR Ditch shall be inspected twice in the first year 

after completion of the waste pile cover, with the second inspection conducted after the first 

fa ll-winter period of heavy precipitation. Inspections shall be performed annually after the 

first year. Waste pile cover drainage will be inspected at the same time as the waste pile turf 

is inspected , as discussed in Section 3 .1. 

3 .2 .1 Inspection 

Inspection of storm drainage systems is detailed in Section 8. 

3 .2.2 Evaluation 

Inspection Reports shall be evaluated by authorized representatives of WNGC. 
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The designed function of the drainage system is to collect and drain stormwater from the 

site, thus preventing the water from seeping, leaking, or infiltrating to the groundwater. 

This function is complemented by the operation of the detention basins that collect the 

stormwater and slowly release it to the downstream systems without causing flooding or 

erosion. Conditions that impair the system's function require correction action. Other 

causes of impairment are: 

1. Settlement or misalignment of drainage structures, 

2 . Structural cracks or holes , 

3 . Safety hazards that prevent maintenance, 

4. Vegetation growth in open ditches. 

Drainage performance shall be evaluated by visual inspection of the installed drainage 

elements. The drainage elements include catch basins, storm sewer pipes, open drainage 
~ 

ditches, detention basins, and flow control structures. Drainage surfaces shall be evaluated 

for conditions which prevent or impede drainage. Generally, the drainage system should be 

in good working order. Evidence of erosion, trash, accumulated sediment, or flooding 

usually indicates an improperly functioning system that requires corrective actions or 

maintenance. 

3. 2 . 3 Maintenance 

Maintenance of storm drain systems is covered in Section 9. 

3.3 DETENTION BASIN NO. 1 ASPHALT 

3.3.1 Inspection 

Inspections in the Detention Basin No. 1 area will be performed on an annual basis. 

Hydraulic conductivity testing of asphalt pavements shall be performed at 5-year intervals. 

A detailed description of the asphalt inspection method is provided in Section 6. 
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Inspection Reports shall be evaluated by authorized representatives of WNGC. The 

settlement of pavement will be evaluated principally by visual observations and the 

comparison of photos and videotape of the as-built condition and records of previous 

inspection. 

The principal design criterion of the asphalt pavement is that it have a permeability of 

1 x 10-7 cm/sec. or less as determined in the laboratory by ASTM D 5084 test procedures. 

Pavement perm~_ will b~ssessed by taking O_E..e core per acre and testing_jt io-tl:Je 

l°iilioratory by ASTM D 5084. Test results indicating permeabilities higher than 1 x 10-7 cm/ 

sec shall be deemed unacceptable. At the discretion of WNGC, additional testing may be 

performed to bound the problem area or identify the occasional defective test. All asphaltic 

concrete pavement potentially represented by unacceptable tests shall be remediated and then 

retested. A copy of ASTM D 5084 is provided in Appendix C. 

3 . 3 . 3 Maintenance 

Maintenance procedures for asphalt pavement are provided in Section 7. 

3.4 SECURITY FEATURES 

The perimeter fence shall be inspected at the same time as the waste pile surface for damage, 

deterioration or clogging with vegetation. Any condition discovered which would impair the 

effectiveness of the barrier shall be repaired as required to restore the effectiveness of the 

barrier. 
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Inspection of the JS&S pavements should be scheduled twice during the initial year of use. 

The lack of elevation change across the JS&S portion of the site may make it difficult to 

maintain surface drainage should settlement occur. Foundation consolidation settlement, 

panicularly in areas where stockpiling of materials occurs, mjght result in settlement, the 

formation of depressions and the "cracking" of the pavement surface. Inspection of th~ 

JS&S area shall pay particular attention to the surface drainage and the formation of ___ ._:_...:_....:__ _______________ -'"'-____ _ 
depressions. Inspection for these types of pavement distresses is faci litated if the inspection 
~ 

is made during or immediately after a rain storm. Note that because of the stockpiled 

material on the paved area onJy about 50 percent of the area is anticipated to be available 

for inspection. The exposed portion shall be taken to be representative of the whole. After 

the initial year pavement inspections should be on an annual basis. A detailed description 

of the method of inspection of concrete paving is given in Section 10. 

4.1 .2 Evaluation 

-Inspection Reports shall be evaluated by authorized representatives of WNGC. ~ 

~ _e_n_t _o_f__._p__a_v_em_ e_n_t _w_i 1..:..1 _b~e __ e_v_a_lu_a..c..te_d~ p __ r--in __ c.:..!ip::..:a.....:.1.:..::.1 y_ ~ _i.:...su_a_l_:_ob.:...s.:...:e...:.r_va--t~io:...:n.=s__c-a ___ n..:..d__;_:th=-e 
com~rison of photos and videotape of the as-built condition and records of previous -~n. 

4.1.3 Maintenance 

Maintenance procedures for concrete paving are given in Section 11. 

4.2 OPERATING AREA ASPHALT PAVING 

4.2.1 Inspection 

Inspection of the JS&S pavements should be scheduled twice during the irutial year of use. 

The lack of elevation change across the JS&S portion of the site may make it difficult to 
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maintain surface drainage should settlement occur. Foundation consolidation settlement, 

particularly in areas where stockpiling of materials occurs, might result in settlement, the 

formation of depressions and the "alligatoring" of the pavement surface. Inspection of the 

JS&S area shall pay particular attention to the surface drainage and the formation of 

depressions. Inspection for these rypes of pavement distress is facilitated if the inspection 

is made during or immediately after a rain storm. Note that because of the stockpiled 

material on the paved area only about 50 percent of the area is anticipated to be available 

for inspection. The exposed portion shall be taken to be representative of the whole. After 

the initial year pavement inspections should be on an annual basis. A detailed description 

of the method of inspection of asphalt paving is given in Section 6. 

Wear and tear and settlement damage affecting the pavement accumulates gradually and its 

rogress is normally tracke ·n sc I tim:!§. 

~~a-=ti..:.o.:.:n..::.o:..:r~g:.::o:.::u:.::g:.:.:in~g:...=.d=am:.:.:.:::a~ge:.._:.:fr:....:o:..:.m~ oJ;.p..c..er::...::a:..:.ti:.;:o.:.:n;:;:.a=-1 .:..:.in:..::.c..:..:id:..:e:..:.n:..:.:ts:.!.,-=s:.::u:..::.c:..:.h..:::a:.::.s.::.d:::..r..:.:op!:..!p.:..:i::..:n~g-'o'--"f--=s=h~ar:p_and/or 
heavy objects onto the pavement, is Q_otentially immediately damaging to the performance 

oftheTHCGS remedy and requires immediate ins ection to ine-repai.(_reguirements. 

The Party conducting the operation which led to the damage shall be responsible for 

arranging for or providing an inspection and repair promptly following the occurrence of any 

damage which appears to penetrate through or crack the pavement. Pavement hydrau lic 

conductivity testing of asphalt pavements shall be performed at 5-year intervals. 

4.2.2 Evaluation 

Inspection Reports shall be evaluated by authorized representatives of WNGC. The 
"'--'. 

settlement of pavement will be evaluated principally by visual observations and the 
_., 

comparison of photos and videotape of the as-built condition and records of previous 

inspection. 
~ 

Initially the subgrade performance shall be evaluated by visual observation of the overlying 

pavements. Should excessive pavement distress occur as evidenced by severe or reoccurring 

pavement cracking and/or subsidence over an area, removal of the pavement and the 

underlying top and base courses maybe necessary to determine what corrective actions are 

necessary to stabilize the subgrade materials. ~st results indicating permeabilities hi~ 
than 1 x 10·6 cm/sec s ~ee-unacce.p.table. At the discretion of WNGC, additional 

testing may be performed to bound the problem are or identify the occasional defective test. 
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All asphaltic concrete pavement potentially represented by unacceptable tests shall be 

remediated and then retested . 

4.2.3 Maintenance 

Procedures for maintenance of asphalt paving are given in Section 7 . 

4.3 DRAINAGE SYSTEM 

The JS&S drainage system includes catch basins, piping, Detention Basin No. 2 , and the 

outfall to the BNRR Ditch. The drainage system shall be inspected rwice in the first year 

of use, with the second inspection conducted after the first fall-winter period of heavy 

precipitation. Portions of the drainage system that are covered by material stockpiles at the 

time of the initial inspection shall be uncovered for viewing on the next inspection. 

Inspections shall be performed annually after the first year. 

4.3.1 Inspection 

Inspection of storm drainage systems is detailed in Section 8. 

4.3.2 Evaluation 

Inspection Repons shall be evaluated by authorized representatives of WNGC. 

Drainage performance shall be evaluated by visual insgection of the installed drainage ------------- ------elements. The drainage elements include catch basins , storm sewer pipes, open drainage 

ditches, detention basins, and flow control structures. Dra inage surfaces shall be evaluated 

for conditions which prevent or impede drainage. Generally, the drainage system should be 

in good working order. 1?vidence of erosion, trash, accumulated sediment, or floodi.!!_g 

usually indic es an im ~ functioning _j)'.stem that reguires corrective actions gr 

maintenance. ,...___..____._ 

The design function of the drainage system is to collect and drain stormwater from the site , 

thus preventing the water from seeping, leaking , or infiltrating to the groundwater. This 

function is complemented by the operation of the detention basins that collect the storm water 

and slowly release it to the downstream systems without causing flooding or erosion. 
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Conditions that impair the system's function require correction action. Other causes of 

impairment are: 

1. Settlement or misalignment of drainage structures, 

2. Structural cracks or holes, 

3. Safety hazards that prevent maintenance, 

4. Excessive growth of vegetation. 

4.3.3 Maintenance 

Maintenance of stonn drainage systems is detailed in Section 9. 

4.4 DETENTION BASIN NO. 2 ASPHALT 

4.4.1 Inspection 

Pavement hydraulic conductivity testing of asphalt pavements shall be performed at 5-year 

intervals . A detailed description of the asphalt inspection method is provided in Section 6. 

Inspection of the JS&S pavements should be scheduled twice during the injtial year of use. 

Inspection for these types of pavement distresses is fac ilitated if the inspection is made 

during or immediately after a rain storm. 

The principal design criterion of the asphalt pavement is that it have a permeability of 

1 x 10-7 cm/sec. or less as determined in the laboratory by ASTM D 5084 test procedures. 

Pavement permeability will be assessed by taking one core per acre and testing it in the 

laboratory by ASTM D 5084. Test results indicating permeabilities higher than 1 x 10-7 cm/ 

sec shall be deemed unacceptable and all asphaltic concrete pavement potentially represented 

by this test shall be remediated and then retested. A copy of ASTM D 5084 is provided in 

Appendix C. Pavement hydraulic conductivity testing of asphalt pavements shall be 

perfom1ed at 5-year intervals. A detailed description of the asphalt inspection method is 

provided in Section 6. 

4.4.2 Evaluation 

Inspection Reports shall be evaluated by authorized representatives of WNGC. 
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4.4.3 Maintenance 

Maintenance of asphalt paving is detailed in Section 7. 
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All inspections and maintenance work performed under this program shall be documented . 

Documents shall be prepared in accordance with the format required by the procedure 

governing the activity. 

5.2 PUBLICATION OF SUMMARY REPORTS 

WNGC shall publish a summary report of inspection and maintenance activities on THCGS 

annually , including a summary of activities performed by each of the Parties , based on 

documents received. Copies of the summary report shall be furnished to the Parties, the 

Environmental Protection Agency, and the Washington Department of Ecology. 

5.3 RECORDS MAINTENANCE 

The records of all inspection and maintenance activities conducted by all the Parties on 

THCGS shall be kept and maintained by WNGC. Records shall be available for review by 

an authorized representative of any of the Parties or the Environmental Protection Agency 

and the Washington Department of Ecology . WNGC and its contractors shall preserve all 

documents , records , and any information relatlD.g_ to the perf.o.rmaQ.£e of the work _f9.LlL '-----------------~ 
p~od of 10 yea~fter EP ~ Certification of Co_Ill.flliilioo. c WNGC wiII notify an 

authorized representative of the United States 90 days prior to destruction of any records or 
......--
documents relating to this project. 
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6. 1 ASPHALT SURFACE CONDITIONS. 
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The surface condition of the asphalt will be visually inspected to observe and record notes 

on the type and extent of surface defects . Inspection report forms to document the inspection 

are provided in Appendix A. In addition to these forms, photographs and sketches to record 

inspected areas and locations of damage shall be used as necessary. 

There are several types of pavement defects that may be found during inspection. Some 

defects will affect the performance of the pavement more than others. To identify the 

different types of defects a description is provided below. 

6.2 TYPES OF ASPHALT SURFACE DEFECTS 

Identification of the types of defects will be useful to interpret the cause of the condition as 

well as the necessary corrective action or repair methods. 

6 .2 .1 Cracks 

There are several types of cracks which may appear in an asphalt pavement. The types of 

cracks and their causes are described below. 

A. Alligator Cracks 

Alligator Cracks are interconnected cracks forming a series of small block resembl ing 

an alligator's skin or chicken wire. They are usually associated with a granular 

untreated base that bas failed or with a resilient (spongy) subgrade. 

B. Edge Cracks 

Edge Cracks occur parallel to the edge of the pavement about a foot or so away. 

Cracks branching toward the pavement edge may occur with this type of cracking. 

Typically edge cracks are caused by lack of support for the pavement, but al so may 

be caused by settlement or tilting of the base material underlying the cracked area. 
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Joint cracks would most likely occur between adjoining spreads of pavement. This 

type of crack is usually caused by a weak seam or poor bond between these adjoining 

spreads of pavement. 

D. Settlement Cracks 

Settlement cracks would most likely occur where differential settlement is expected, 

such as around the building footings or around storm drainage structures. 

E. Other Cracks 

Defects in asphalt pavements can also be caused by temperature changes, frost and 

freeze thaw cycles, moisture changes, reflection cracking of overlays, weathering, 

earthquakes and operation related cracks. Predicting the configuration of the asphalt 

pavement distress due to these defects is difficult and pavement repairs should be 

designed for the particular type of failure that has occurred. 

6.2.2 Settlement 

Settlement of the asphalt surface may occur as the foundation consolidates. Localized 

depressions in the surface are caused by settlement. The depressions may or may not be 

accompanied by cracking. Areas of settlement can easily be detected by visual inspection, 

especially during a rain. 

6.2.3 Rutting 

Asphalt pavement can rut when the subgrade fails under a single heavy load or repetitive 

loads of smaller magnitude. A rutting failure is more likely to occur when the subgrade is 

saturated, or thawing in conjunction with a saturated subgrade. The pavement ruts results 

in a "tearing" of the asphalt particularly along the sides of the rut. Water fills the ruts 

during precipitation and seeps through the tears into the subgrade further weakening the 

subgrade and a progressive failure of the pavement occurs. 

G:\WP\3669\07960A ♦ 8-9-95 23 



Tacoma Historical Coal Gasification Site 
Remediation 
Inspection and Maintenance Manual 

6 .2.4 Slips 

Slips are movements of the pavement during warm weather. 
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Slips usually are 

crescent-shaped cracks and have an appearance that resembles a "flowing" movement. Slips 

most likely will occur on inclined pavement surfaces. Slips are caused by a lack of bonding 

between the surface layer and course beneath. 

6.2.5 Abrasion and Erosion 

Abrasion and erosion is the progressive loss of surface materia l by weathering and traffic 

abrasion. The progressive loss of aggregate from the surface can be seen visually and is 

evidenced by loose pieces of aggregate on the asphalt pavement surface. 

6.2.6 Potholes 

Potholes are bowl shaped holes of various size, in both depth and width , caused by localized 

disintegration of the asphalt pavement. They are usually caused by weakness in the 

pavement resulting from a weak subgrade or base course. 

6.2. 7 Cleaning Surfaces to be Inspected 

To the extent practical , pavements will be cleaned of all dirt or material that would interfere 

with a visual observation of the pavement surface. In come cases, pavements will have to 
~ 

be cleaned of dirt or other material that cannot be removed by a broom. However, the 

method of cleaning must not increase the permeabi lity of the pavement-e.g., power washing 

and power brooms are not recommended because of the potential damage to the surface 

which may affect the properties of the surface. Any surface depressions deeper than 1/2 inch 

shall have any standing water removed and the surface cleaned of muddy material to allow 

inspection. When requested by the inspection staff, piles of material shall be moved to 

permit observation of the pavement. Inspection shall consist of systematically walking the 

area to observe and record any distress features. 

6 .2.8 Operational Related Damage 

Particular attention will be paid to pavement damage in: 
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1. Areas where heavy pieces of metal may have been dropped resu lting in holes 

being punched in the asphalt pavement. 

2. Areas where heavily loaded metal containers have been placed directly on the 

pavement resulting in a creep type displacement of the pavement. This can be 

a particular problem if the container is in direct sun in hot weather. 

3. Areas where track-type equipment has been used resulting in a "scouring" of the 

pavement surface. 

4. Stockpile areas. 

6.3 TESTING ASPHALT SURFACES 

The asphalt pavement shall be tested to determine if the permeability of the pavement is 

changing with time. Permeability testing shall be in accordance with ASTM D 5084. The 

relationship of changing permeability with time can be established by comparing ASTM 

D5084 test results over time to determine whether a change in permeability is occurring. 

Appendix C contains a copy of ASTM D 5084. 
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Maintenance procedures for correcting distresses or defects in asphalt pavements include 

patching, crack and surface sealing, and in some cases resurfacing. Patching may be e ither 

a temporary or permanent repair. Crack sealing is accomplished using emulsified or cutback 

asphalts , special asphalt compounds, specialty crack and joint sealers or possibly sealing the 

entire surface area. Surface treatments with or without aggregate , and thin overlays can also 

be part of the maintenance procedure. 

Temporary repairs of cracks will usually suffice for a few months. Temporary repairs shall 

be made when the materials to make a permanent repair are not available (i.e. , hot mix 

asphaltic concrete is generally not available in winter months); when not making a temporary 

repair could result in excessive damage to additional areas of pavement or when weather 

conditions (i.e ., cold or wet) are such that an effective permanent repair can not be made. 

The purpose of the asphalt pavement maintenance program is to preserve the structural and 

permeability integrity of the asphalt pavement. The maintenance program will continue to 

provide a surface for driving , as well as the collection of surface water drainage. The 

asphalt pavements are required to be constructed with a permeability less than 1 x 10-7 cm/ 

sec. This permeability is to be maintained throughout the life of the project by 

implementation of the maintenance program. 

7.1 PATCHING 

Patching is probably the most common method of repair. Patches can be used to repair 

defects varying from cracked areas and shallow abrasions to deep holes. Patches can be 

either deep patches or "skin" patches depending on the severity of the defect. 

7 .1 .1 Deep Patches 

Deep Patches at least the same depth as original pavement are used for making permanent 

repairs to the pavement. The material should be removed to the depth necessary to reach 

firm support. The excavation should extend at least 12 inches into the good pavement 

surrounding the area to be patched (Figure 1). Holes should be square-edged and cut 

rectangular using a pavement saw. 
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The hole should be backfilled with a dense-graded hot-asphalt plant mix. Tack coating must 

be applied to the vertical sides of the hole, and the granular base should be primed before 

the asphalt mix is placed. The repair is completed by placing the hot-mix asphalt and 

compacting it flush with the surrounding surface. Compaction can be achieved using a 

vibratory-plate compactor or a steel wheeled roller. Pavement reconstruction that exceeds 

1,000 ft2 in area should also be tested for penneability by at least one core sample tested by 

ASTM Method D 5084 and evaluated against the 1 x 10-7 cm/sec penneability criterion. 

7 .1 . 2 Surface Patches 

Surface or "skin" patches may be either a temporary or permanent repair. Surface patches 

do not normally require removal of existing pavement. A precoated fabric such as 

"Petrotac" (see Appendix B) is one type of surface patch. Surface preparation for this type 

of patch should be in accordance with the manufacturer's recommendations. 

Another type of surface patch is a layer of hot-mix asphalt that covers the depressed area. 

A sand asphalt mixture is used for the patch so the layer can be "feather-edged" to a zero 

thickness and the maximum thickness does not exceed 3/4 inches. Before the area is 

patched, the area should be cleaned with high-pressure air and a tack coat should be applied 

over the entire area. The hot-mix is then spread over the tack coat and compacted with a 

roller or flat-plate vibratory compactor. 

7.2 SURFACE TREATMENTS 

Surface treatments consist of filling cracks with an asphalt sealer or applying a seal coat to 

reduce the permeability of the asphalt surface. 

7 .2.1 Crack Sealants 

Crack sealing is done with specially prepared crack and joint sealers. Suitable types of crack 

sealant are #9000-S and #9000-SH fillers manufactured by the Koch Materials Company, 

Oklahoma City, Oklahoma (see Appendix B) or equal. Surface preparation should be in 

accordance with manufacturers recommendations, but usually consist of thorough cleaning 

with high-pressure air. 
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It is usually not practical to individually seal cracks that are less than 1/4 inch wide. For 

small, hairline cracks an asphalt slurry mixture can be squeegeed over the surface and forced 

into the cracks. 

7 .2.2 Seal Coats 

Seal coats or surface sealers are widely available and marketed under many trade names. 

Some are emulsified asphalts , some contain rubber latex, and most have fillers such as 

ground rubber, mineral aggregates , or fibers. Seal coat shall be applied every 5 years. In 

local areas additional seal coats shall be applied any time the pavement penneability does not 

meet the design criteria of 1 x 10-7 cm/sec. 

7. 3 CRACK REP AIRS 

Repairs to cracks such as alligator, edge, joint, or settlement cracks can be made by patching 

or sealing as described in the previous sections. 

7.4 DEPRESSION REPAIRS 

Depressions caused by settlement shall be pennanently repaired with h0t-mix asphalt, 

compacted to restore the area to the same grade as the surrounding pavement. The surface 

shall be thoroughly cleaned and a tack coat applied prior to placing the hot-mix asphalt. The 

edges of the repaired area shall be ground our to a depth of 1 inch to avoid feathering the 

overlay. 

7.5 SLIP REPAIRS 

Slips shall be pennanently repaired by constructing a deep patch with hot-mix asphalt. 

7.6 ABRASION AND EROSION REPAIRS 

Abrasion and erosion defects shall be pennanently repaired by constructing either a deep 

patch or a surface patch. 
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Permanent repairs to potholes shall be made by constructing a deep patch with hot-mix 

asphalt. Temporary repair usually involves cleaning out the hole and filling it with a 
premixed asphalt patching material. 
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The THCGS consists of two distinct drainage systems: the waste pile and the perimeter 

ditches drain to Detention Basin Number 1; and the Joseph Simon and Sons' area drains to 

Detention Basin Number 2 (see Figure 2). JS&S will be responsible for maintenance of that 

portion of the drainage system which lies on JS&S operating areas and also for maintenance 

of the associated Detention Basin Number 2 and its outfall structures. WNGC will be 

responsible for the system which drains to Detention Basin Number 1, its outfall structures , 

and the BNRR Ditch. 

8.1 DRAINAGE SYSTEM CONDITION INSPECTIONS 

Scheduled inspections of the storm drainage system are necessary to evaluate performance 

and to identify maintenance needs. Walking the site to visually observe each drainage 

feature is an effective way of conducting the inspection. Inspection during or immediately 

after rainfall or heavy precipitation events is probably the best time to make an accurate 

evaluation. Heavy precipitation events are defined in paragraph 3.1.1 Inspection. Jns£_ecti~ 

~eport _forms for the various drainage features are provided in Appendix A to facilitate the 

i~spector. Photographs and contract drawings are also useful to document the observed ------ --conditions. 
~ 

Defective conditions identified during inspection of the drainage system can be classified as 

e ither structural or non-structural. Structural defects include crac~s. settlements, and 

misalignments . Non-structural defects comprise mostly of the accumulation of tr~sh or 

sediment and excessive vegetation growth in open ditches, and usually requires routine type 

maintenance. 

Infiltration and exfiltration testing of the drainage system for the JS&S property has been 

performed during construction of the system in accordance with Section 17-7. 3 ( 4) of the 

1994 Washington State Standard Specifications for Road, Bridge, and Municipal 

Construction. The drainage system for the JS&S property will be visualJy observed during 

scheduled inspections during_ seasonally dry periods of the year. If flow is noted in the 
,__ --------- .._,____ --~ 
absence of recent precipitation or releases of water to the ~stem ._appropriate actions will 

~ taken to a~ the source of the flow ~ the environmel!!_,, ---, 
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8.2 DRAINAGE FEATURES 

The drainage features which require inspection include : 

A) Detention Basins 

B) Control Structures/Flow Restrictors 

C) Catch Basins and Manholes 

D) Pipes 

E) Open Ditches 

F) Precast Concrete Trenches 
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Responsibility fo r the maintenance of the two drainage systems will be divided between the 

owners o f the systems. JS&S will be responsible for maintenance of chat portion of the 

drainage system which lies on JS&S operating areas and the associated Detention Basin 

Number 2. WNGC will be responsible for the BNRR Ditch, Detention Basin No. 1. and 

the system which drains into Detention Basin No. 1. 

Maintenance which corrects defective conditions of the drainage elements usually involves 

either c leaning, or making repairs. Occasionally , replacement may be required. 

9.1 CLEANING 

Cleaning is routine maintenance associated with the removal of trash, debris, vegetation <!!19 -----~----,,.--...,._------------ ---------....;_--
accumulated sedime s from pipes, catch b · dilc~e..tention basins. This type 

of maintenance should be performed concurrently with inspection . In addition, liquid wastes 

such as oil , gasoline, or ocher contaminants that could be flushed downstream during a 

rainstorm shall be cleaned up. All wastes shall be disposed offsite in a proper and legal 

manner. 

9.2 REPAIRS 

Repairs are generally non-routine type maintenance. To correct structural defects, repairs 

may be required to patch cracks or joints in pipes, catchbasins, or other structures. Each 

structural defect will have to be evaluated on an individual basis so chat repair 

recommendations can be made. Repairs and replacements shall be made to restore 

conditions in accordance with the original contract drawings and specifications. Repeated 

failures of the same type and/or in the same location shall be reviewed to determine the 

cause of the repeated failure and a revised "fix" for the failures be developed. 
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JS&S uses concrete paved areas for stockpiling of materials. Having all concrete areas 

available for visual inspection at any one time will not be practical. Coordination between 

JS&S and the inspection staff will be required to insure that concrete pavements are available 

for inspection as scheduled. For inspection purposes the concrete pavements will be divided 

into areas defined as the catchment areas shown on Figure 3. Prior to scheduling an 

inspection the parties will agree on which catchment areas are to be inspected and JS&S will 

conduct its operations so that the agreed upon catchment areas can be visually inspected on 

the scheduled inspection date. Represemative areas will be cleaned of materials stockpiles 

for inspection. 

10.2 PREPARATION OF CONCRETE PAVEMENT SURFACES 

All concrete pavement surfaces to be inspected will be cle LLdii:t.Jh_~ 

with a visual observation of the pavement surface ("broom clean" . Areas that do not clean 

up sufficiently with brooming s all be washed with water at low pressure accompanied by 

brooming or scraping to remove resistant deposits. High pressure water jetting shall not be 

permitted as the high pressure jets will blow out the joint sealants. Surface depressions shall 

have all standing water removed and the surface cleaned of muddy material to allow 

inspection. 

10.3 METHOD OF INSPECTION 

Inspections will consist of systematically walking the area to observe and record any distress 

features. Walking of the waste pile should be in a systematic manner, i.e. , in a regular 

pattern so that the whole surface is observed and changes to features can be noted on a 

consistent basis. The general locations of damage shall be recorded on attached Figure 3. 

Vetailed sketch~nch equals lO Jeer, s~ made of the area along with 

recommendations for repair. Any concrete ave em noted t be cracked to have a 

deteriorated surface or other dama e shall be photographed. The location from which these 

initial photogra hs were taken shall be recorded so that subsequent 

th ame ocation. 
~ 
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CATCHMENT AREA DESIGNATION 

FIGURE 3 
JS&S Area Drainage Plan 
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10.4 CONCRETE SURFACE DEFECTS 

10 .4. 1 Cracks 
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Cracking of concrete pavements results from the application of stresses exceeding the 

strength of the concrete. Some of the more probable causes of cracks are discussed below. 

Over stressing and crack formation in concrete pavements can a lso result from temperature 

changes, frost and freeze-thaw cycles , moisture changes and earthquakes. 

10 .4 .1.1 Hairline Cracks 

Hairline cracks may result from shrinkage of the concrete as the pavement ages. Hairline 

cracks are usually "closed" and may be difficult to see. They are normal and are of no - --concern unless they are wider than 6 mils. Therefore , any crack which cannot be readily 

seen when the pavement is "broom clean" shall not require documentation. 

10.4.1.2 Settlement Cracks 

A reduction of pavement subgrade support due to foundation consolidation may result in 

cracking when the pavement is subjected to relatively large stockpile loads. Cracks from 

lack of subgrade support will be random in pattern with fresh edges and "open" relative to 

hairline cracks. 

10.4.2 Joint Inspection 

10.4.2.1 Concrete to Asphalt Joint ----------=----
Of particular concern is keeping the joint at the contact between the asphalt and concrete 

pavements "water tight. " Differential settlement across its joint may occur if materials are 

stockpiled over this joint and may result in separation and/or voids at this contact. ~ 

joint shall be ~ mined carefully and an:y differentia l settlement or other signs of joint -distress noted for repair. 
-~ 
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Concrete to concrete pavement joints have been constructed using dowels and the joint fi lled 

with a premolded joint filler. If the joint filler is lost, dirt and water may enter the joint as 

the concrete slab contracts and the joint opens. Subsequent slab expansion will tend to c lose 

the joint which the debris in the joint will not permit, overstressing the concrete along the 

joint. This overstressing can result in cracking or spalling of the concrete along the joint. 

Cracking along concrete to concrete joints may also result from overstressing of the dowel 

system by significant differential loading across the joint. 

~te to concrete joints should be inspected not only for cracked or spalled concret~ but 

a~ for missing__joim filler and the limits of these ty~~ of failure noted for repair. 

10.4.3 Operational Related Damages 

10 .4. 3 .1 Abrasion & Erosion 

Abrasion of the concrete pavements may result from the operation of vehk les with chains 

or tracks (bulldozers) or repetitive dragging of storage boxes with metal skids. Water will 

enter a porous, abraded or inadequately sealed pavement surface resulting in erosion of the 

surface particularly if accompanied by freeze-thaw conditions. If during visual inspections 

these type of failures should be observed, the failed areas should be shown on the inspection 

maps for remedial action. 

10.4.3.2 Chi ped or Potholed Pave en 

The dropping of heavy pieces of metal on the pavement may cause chipping and potholing 

of the pavement surface. This type damage should be recorded on the inspection maps if the 

.~hip penetr~ th<:;_plane of reinforcement (2 inches below the surface of concrete). 
-----..,_ ......,_ -----

G:\WP\3669\07960A ♦ 8-9-95 38 



Tacoma Historical Coal Gasification Site 
Remediation 
Inspection and Maintenance Manual 

11.0 MAINTENANCE OF CONCRETE PAVEMENTS 

Revision No. 0 

The purpose of the concrete pavement maintenance program is to preserve the structural and 

permeability integrity of the concrete pavement. This maintenance program will continue 

to provide a surface for driving, as well as the collection of surface water drainage. 

For concrete pavements, the permeability criterion is assumed to be met based on quality 

design, construction, and maintenance (without permeability testing) . Therefore, concrete 

pavement maintenance should include correcting and repairing any distress, defects, or aging 

effects in the pavements that indicate the pavement may fail the penneability criterion. 

11.1 SURF ACE TREATMENTS 

Surface treatments will consist of repair of cracks, abraded or eroded areas and chipped or 

potholed pavements. 

11.1.1 Cracks Less Than 6 Mils 

Cracks less than 6 mils are normal , are not readily noticeable and do not normally allow 

passage of water. Accordingly they will not be repaired unless they are associated with a 

more serious cracking problem. It is not required to measure crack width with an 

instrument; the judgment of a trained eye will be sufficient. 

11.1.2 Cracks Wider Than 6 Mils 

Cracks wider than 6 mils will be filled using a material such as Concresive 2070, LVP 

Acrylic Crack Filler by Master Builders or an equivalent (see Appendix D for concrete 

repair products). The surface to receive treatment will be cleaned as recommended by the 

material manufacturer. The material will be applied at the rate and as otherwise specified 

by the manufacturer. 

Cracks wider than 1/8-inch can be filled using acrylic crack filler material such as Renderoc 

SD2 manufactured by Fosroc Inc. , 55 Skyline Drive, Plainview, N. Y. 11803-9966 or an 

equivalent material. Preparation of the surface for and the application of the material will 

be as specified by the manufacturer. 
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A sawcut will be required around the perimeter of abraded or eroded pavement areas to be 

patched. Note that a welded wire fabric (WWF6x6 - W4.0xW4.0) is located 2 inches below 

the pavement surface limiting the depth of saw cut to not more than 1.5 inches. The 

pavement area inside the saw cut area will be removed using pneumatic hammers. After all 

damaged pavement has been removed the chipped area shall be cleaned as recommended by 

the patching material manufacturer. Patch material shall be Renderoc SD2 as manufactured 

by Fosroc Inc . , 55 Skyline Drive, Plainview, NY, 11803-9966 or an equivalent. Application 

of the patch material will be as recommended by the manufacturer. The use of "feathered" 

edged pavement patches will not be permitted. 

11.1.4 Chipped or Potholed Pavements 

Pavement damage consisting of chipped or pothole gouges which are not deep enough to 

affect the welded wire fabric located 2 inches below the pavement surface will be sawcut and 

patched as described above for "abraded or eroded" pavement. Pavement damage which has 

exposed the welded wire fabric will have the concrete chipped away to completely expose 

the fabric. Patch material sha ll be Renderoc SD2 as manufactured by Fosroc Inc., 55 

Skyline Drive, Plainview, NY, 11803-9966 or an equivalent. Application of the patch 

material will be as recommended by the manufacturer. 

11.2 JOINT REPAIR 

11.2.1 Concrete to Asphalt Joints 

Concrete to asphalt pavement joints which have indications that water is flowing into the 

joint or show operungs in the joint shall be sealed using a sealant such as Nitoseal 230 

manufactured by Fosroc Inc. , 55 Skyline Drive, Plainview, NY, 11803-9966 or an 

equivalent. Application of the sealant will be as specified by the manufacturer. 

11. 2. 2 Concrete to Concrete Joints 

Concrete to concrete joints from which the premolded joint filler has been removed shall be 

carefully cleaned and new joint filler material installed wherever possible; otherwise the joint 

may be resealed with the joint sealant specified above for Concrete to Asphalt Joints. 
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INSPECTION AND :MAINTENANCE RECORD 
CATCH BASINS AND MAJ\1ROLES 

CATCH BASIN/MANHOLE NO. ______ _ DATE: ______ _ 

WEATHER CO!\TDITIONS: __________________ _ 

Is trash, debris, or sediment blocking or clogging 
the grate openings? 

la) YES NO 

lb) If yes, describe and estimate volume. ______________________ _ 

le) Describe maintenance performed and/or required. _________________ _ 

2a) 

2b) 

2c) 

3a) 

3b) 

3c) 

3d) 

4a) 

Is trash, debris, or sediment present inside the basin? 

If yes, describe and measure depth or estimate volume. 

Describe maintenance performed and/or required. 

Are there any signs of structural d3mage such as cracks, se11lement, 
or misalignment? 

If yes, describe in detail and provide applicable measuremenlS 
(attach photos if necessary). 

YES 

YES 

Is grating or cover in place? Any damage? Is grating or cover easily removable to facilitate 
maintenance? Describe any problems. 

Describe maintenance required. 

Are there any cracks in the side walls or bottom slab? 
Are there cracks at the join IS of the inlet outlet pipe? 

YES 
YES 

4b) If yes, describe and measure width and length of cracks. 

4c) Describe maintenance required. 

INSPECTOR'S SIGNATURE 

NO 

NO 

NO 
NO 

DATE 



, 

INSPECTION AND MAINTENANCE RECORD 
CONTROL STRUCfURE/FLOW RESTRICTOR 

LOCATION: ____________ _ DATE: ______ _ 

Is trash, debris, or sediment blocking or clogging the inlet pipe? YES NO la) 

lb) If yes, describe and estimate volume. _______________ _ _ _____ _ 

le) Describe maintenance performed or required. ____________ ______ _ 

2a) 

2b) 

2c) 

2d) 

2e) 

3a) 

Is trash, debris, or sediment present inside the structure? 

If yes, describe and measure depth or estimate volume. 

Are there any obstructions such as trash, debris, sediment, or vegetation 
blocking the orifice or overflow pipe? Describe any problems. 

Is the outlet pipe clear of obstructions? Check by opening the clean-out gate. 
Does the gate function properly? Describe any problems. 

Describe maintenance performed and/or required. 

Are there any signs of structural damage such as cracks, 
settlements, or misalignments. 

3b) If yes, describe in detail and provide applicable measurements 
(attach photos, if necessary). 

3c) Is the cover in place? 

Is the cover easily removable to facilitate maintenance? 

-1-

YES 

YES 

YES 

YES 

YES 

NO 

NO 

NO 

NO 

NO 



INSPECTION M1D MAINTENM'CE RECORD 
COi\TROL STRUCTURE/FLOW RESTRJCTOR 
Paoe Two: 

Are the ladde r rungs in place and secure? _ - YES NO 

Describe any problems. ____ ___________ ___ ___ _ ____ _ 

3d) Is the flow restrictor pipe assembly securely attached YES NO 

to the structure and outlet pipe? 

Is the assembly in an upright position? YES NO 

Are the welded and gasketed joints water tight? YES NO 

Are there signs of rust? YES NO 

3e) Are there cracks in the walls or slabs of the structu re? YES NO 

Are there cracks at the joints of the inlet/outlet pipe? YES NO 

If yes, describe and measure width and length of cracks. 

3f) Describe maintenance performed and/or required. _________________ _ 

INSPECTOR'S SIGNATURE DATE 

-2-



INSPECTION AND MAINTENANCE RECORD 
DETENTION BASINS 

DETENTION BASIN NO. ______ _ DATE: _______ _ 

Is there any trash, debris, sediment, or vegetation present in the basin? YES NO la) 

lb) If yes, describe and estimate volume. ___ ___________________ _ 

le) Describe maintenance performed and/or required. 

2a) Is there any evidence of pollutants such as oil, gas, or other contaminants? 

2b) lfyes, describe and estimate volume. 

2c) Immediate cleanup required. Describe action taken. 

3a) Is there any evidence of erosion at the 
emergency/overflow spillway? 
Is the rip rap downstream of the spillway in good condition? 
Are there any rocks missing? 

3b) If yes, describe any problems. 

3c) Describe maintenance performed and/or required. 

4a) Has any settlement in the basin occurred? 
Aie there any cracks in the asphalt? 

4b) If yes, describe and provide measurements. 

4c) Describe maintenance required. 

INSPECTOR'S SIGNATURE 

YES 

YES 

YES 
YES 

YES 
YES 

NO 

NO 

NO 
NO 

NO 
NO 

DATE 



INSPECTION AND !vlAINTENANCE RECORD 
STORM DRAINAGE PIPES 

PIPE LOCATION BETWEEN CB/MH ANDCB/MH DATE: 

Inspection of pipes may require use of a flashlight and mirror to look down the barrel of the pipes. Maintenance 
may require use of a high pressure spray to flush sediments. 

la) 

lb) 

le) 

2a) 

Is trash, debris, or sediment blocking or clogging the pipe? YES NO 

If yes, describe extent of blockage. ______________________ _ 

Describe maintenance performed or required. 

Is the pipe misaligned or has it settled 
causing low spots that do not drain freely? 

YES NO 

2b) lfyes, describe the nature of problem. ____________________ _ 

INSPECTOR'S SIG NA TIJRE DATE 



INSPECTION AND l\1AINTENAJ\1CE RECORD 
ASPHALT SURFACES 

DATE: _________ _ __ _ 

WEATHER: _ _ _ _____ _ _ 

LOCATION (circle one): 

Simons' Operating Area Roads Ditches 

Detention Basin 1 Detention Basin 2 

Other _ _ ____ _ 

Check asphalt surfaces for the follov.ing defects. Describe the condition and location of occurrence of any 
observed defect. 

YES NO 

l. Cracking 

2. Settlement 

3. Slips 

4. Abrasion or Erosion 

5. Potholes 

6. Depressions 

7. Standing Water 

Description of defect (include photos, if necessary): 

Maintenance Recommendation: ----- --- -------------- ----

INSPECTOR'S SIGNATURE DATE 



INSPECTION AND MAINTENANCE RECORD 
CONCRETE PAVEMENT 

DATE: _ _____ _ 

LOCATION: 

1) Date of the last inspection. 

1 a) Is 50% of the concrete asphalt available for visual inspection? 
___ Yes ___ No 

1 b) Is the exposed area different than that of the previous inspection? 
Yes ___ No 

1 c) Map the locations of the exposed and covered sections of concrete pavement. 

2) Are there any signs of structural damage such as cracks, settlements, or misalignments? 

3) 

Yes _ __ No 

2a) Map location and describe cracking _____ ________ ____ _ 

2b) Size of cracks (mils) ___ _ _ _______ _____ ____ _ 

2c) Describe the maintenance performed/required. 

Any signs of erosion or abrasion of the concrete pavement? 

3a) If yes, describe in details and map location. 

3b) Describe the maintenance performed/required. 

Yes No 



INSPECTION AND MAINTENANCE RECORD 
WASTE PILE TURF 

DATE: _____ _ _ 

1) What was the date of the last mowing? 

1 a) What is the height of the grass? 

2) 

3) 

4) 

S) 

6) 

1 b) Any noticeable tearing, rutting or other damage to the vegetation? 
___ Yes ___ No 

Any noticeable cracks in the topsoil layer? ___ Yes 

2a) If yes, describe and provide measurements 

2b) ls the geonet torn? Yes 

2c) ls the HDPE punctured or torn? Yes 

2d) Is the geosynthetic clay liner wet or damaged? Yes 

Any areas of noticeable erosion? Yes 

3a) Describe maintenance performed and/or required 

Arly trees or shrubs growing on the cap? 

Arly noticeable signs of burrowing animals? 
Sa) If yes, describe damage and location 

Sb) Describe maintenance required. 

Arly areas of excessive settlement? 

___ Yes 

Yes ---

Yes ---

6b) Map location and describe maintenance required. 

Inspector's Signature 

___ No 

No 

No 

No 

No 

___ No 

No ---

No ---

Date 



-
G:\WP\3669\07960A ♦ 8-9-95 

APPENDIX B 

ASPHALT REPAIR PRODUCTS 



- - ~· 



1 

D 
j 

PETROTAC Installation Procedures 

EQUIPMENT 

No specialized equipment is required for unrolling 
and placing Petrotac. Often, use of a rope will 
assist unrolling. For large jobs, however, simplified 
"hand-truck" type equipment can be easily 
designed and constructed. 

If application of a primer is specified, brushes, 
rollers, or spray equipment will be necessary. 
Otherwise, utility knives and pneumatic rolling 
equipment are all that are needed. 

SURFACE PREPARATION 

Pavement: Before installing Petrotac, the 
pavement surface must be sufficiently dry to 
prevent moisture migration from within. It should be 
free of dust, dirt, vegetation and excess crack filling 
material. Cracks greater than 3/a inch wide should 
be filled with a suitable crack filler and excess filler 
material removed. 

Severely spalled or otherwise distressed areas 
must be repaired in accordance with accepted 
paving practices. Portland cement concrete 
pavement slabs should be stable and subsided 
shoulder joints raised to proper grade. 

Primer: No prime coat is needed when dry 
pavement temperature is 70°F or above. Use of a 
primer is recommended if pavement temperature is 
below 70°F, particularly if the Petrotac may be 
exposed to traffic and moisture prior to overlay. 

Any suitable priming material composed of refined 
asphalt and rapid drying solvent may be used. As 
soon as it cures it is ready to receive the Petrotac. · 

A list of suitable priming materials and elastomeric 
mastics that have been evaluated by Phillips Fibers 
is available. 

TEMPERATURE 

Pavement temperature should be 45°F or above 
when installing Petrotac. Storage temperatures 
should not exceed 125°F. 

REPAIR OF LOCAL DISTRESSED AREAS 

Areas of local distress, including alligator-cracked 
areas and potholes, can be beneficially treated with 
Petrotac prior to subsequent resurfacing. 

Preparation: Local areas of base failure, usually 
manifested by pavement subsidence and alligator 
cracking, may in some cases require installation of 
a leveling course prior to Petrotac treatment. This 
is an engineering judgment to be made by the 
responsible engineer. Potholes should be repaired 
using procedures recommended by The Asphalt 
Institute or other knowledgeable a~thorities. 

Repaired areas should be properly prepared and 
cleaned as previously described, prior to installation 
of Petrotac. 

Petrotac Placement: Patching over local areas of 
distress is accomplished as follows: 

1. Position a roll of Petrotac, with release sheet 
attached, so as to begin coverage of the distressed 
area. Allow at least a six-inch extension of the 
Petrotac to overlap sound pavement adjoining 
the patch. 

2. Unroll, removing the release sheet. 

3. Allow an overlap of about two inches if adjacent 
Petrotac panels are needed to cover the distressed 

area being treated. 
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Note: For cold weather patching, the sur1ace 
area to be patched may be heated with a torch to 
remove moisture and insure proper adhesion. 
The adhesive side of the Petrotac may be lightly 
warmed also. Do not heat the fabric side. 

BRIDGE DECK MEMBRANE 

Petrotac is manufactured in 36-inch-wide strips 
to provide full coverage installation across the 
width of a bridge deck. The Petrotac provides an 
impermeable membrane to waterproof the deck by 
preventing intrusion of moisture and de-icing salts 
into the reinforced concrete structure. Installation is 
as follows: 

1. Prepare the deck surface in accordance with 
previously described procedures and applicable 
specifications. 

Note: For optimum Petrotac adhesion, a reasonably 
smooth deck surface is important. A leveling course 
installed over a milled or highly textured surf ace will 
satisfy this requirement. Further, an open graded 
leveling course will provide a porous interlayer 
which will minimize possible "bubbling" due to 
deck breathing. 

2. Apply a prime coat as specified. Because bridge 
decks tend to generate moisture during heating and 
cooling cycles, a primer is recommended prior to 
placing Petrotac. 

3. Install the Petrotac strips, using laydown 
procedures identical to those described under 

l't I KU IAli 
FABRIC 

PLACEMENT PROCEDURE. Start at one curb 
and work toward center of the bridge. On a 
superelevated deck start from lower curb so that 
fabric overlaps are in the direction of water run-off. 

4. Adjacent panels of Petrotac are overlapped 
approximately four inches (overlap line is marked 
on the Petrotac). Overlapping sections must be 
clean and dry. 

5. Trowel a bead of mastic or other suitable sealing 
compound along the edge of the fabric at the curb. 
Mastic is also recommended in areas where 
adjacent panels overlap end of roll overlaps or 
where construction techniques indicate additional 
sealing is necessary. This procedure will help 
insure a watertight seam in all areas. 

A list of suitable elastomeric mastics that have been 
evaluated by Phillips Fibers is available. 

PLACEMENT PROCEDURE 

Directional alignment of the Petrotac strips is often 
critical, and placement will be facilitated by the 
following procedure: 

1. Position the roll over the joint or upon the 
surface area to be treated. 

2. Unroll 20 to 25 feet, sufficient to establish 
direction, with the release sheet still attached. 

RELEASE 
SHEET ----

MEMBRANE --­
COATED FABRIC-

UNROLL 
20•25 FT. 

! 

3. Cut the release sheet with a utility blade, 
as indicated, being careful not to cut the Petrotac 
membrane. 
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PETROTAC Installation Procedures 

4. Pull the top portion of the release sheet 
towards you, exposing and unrolling the asphaltic 
membrane in the direction indicated. Often a rope 
can be used to facilitate unrolling. 

~ --P_UL_L __ o 4· 

5. Re-roll the 20 to 25 foot strip initially placed. 

~5. 

======o - RE-ROLL 

6. Follow the same release sheet removal 
procedure in the opposite direction, completing 
the laydown. 

~6. (ff)j ,...__ __ PU_L_L --►-

Note: Overlaps should be two inches minimum at 
end of roll and in the direction of traffic (four inch 
minimum for bridge decks). 

7. Roll up the removed release paper and store in 
empty carton to facilitate clean-up. 

8. Pneumatically roll to insure good contact and 
adhesion to the pavement surface. Bubbles or 
wrinkles should be slit and smoothed. 

JOINT/CRACK REPAIR 

Petrotac Placement: Once the pavement has been 
properly prepared the Petrotac membrane is 
installed as follows: 

1. Center the roll of Petrotac over the joint or crack 
to be treated, release sheet still attached. Allow for 
a material overrun of four to six inches beyond the 
end of the joint or crack to insure waterproofing· at 
this point. 

2. Unroll, cut the release sheet, and install the 
Petrotac strip as previously described under 
PLACEMENT PROCEDURE, or as noted below. 

Note: On transverse joints where one lane is open 
to traffic, pre-cut each Petrotac strip to required 
length and re-roll. Remove 12 to 18 inches of the 
release sheet, applying this portion to one end 
of the joint. By pulling the release sheet in the 
direction of the joint, the remainder of the strip 
is easily applied. 

3. In the case of portland cement concrete, 
transverse joint strips shall be applied before 
longitudinal joint strips to minimize the chance of 
the membrane peeling if traffic is allowed prior to 
overlaying. 

TRAFFICKING PETROTAC 

Petrotac strips, properly installed and bonded to the 
pavement surface, may be opened to traffic for a 
reasonable period. For large patched areas and 
longitudinal joints in particular, however, it is 
recommended that trafficking be limited to two 
weeks. Should the Petrotac become wet during this 
period, traffic should be advised that the membrane 
may become slippery and speed should be 
appropriately reduced. 

APPLICATION OF SURFACE COURSE 

Tack Coat: A standard pre-paving tack coat is 
applied over the Petrotac and the rest of the 
pavement before hot mix overlay is placed. A rate 
of about 0.05 gallons per square yard residual 
asphalt is recommended. 

Minimum Overlay Thickness: The paving mix 
should be applied as specified. However, a 
compacted thickness of less than 1 ½ inches is 
not recommended. 
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Especially designed for P( 

PETRO TAC® 
FABRIC 



/r~ Unique double-coated fabric which 
f~plements the Petrornat S stem. __ 

~ •• ~ w 

.... . __ . -- ~ 

Jtt~ts • Local Distress Areas • Bridge Decks 
l}?.LIKE PETROMAT. .. 

. '.:: Petrotac serves as a waterproofing 
l \.:·_and stress absorbing membrane. 

~Dx·uNLIKE PETROMAT ... 

J }f · Petrotac requires no distributor 
··:i{ equipm_ent for pre-appli?ation of 
J ·:·:· asphalt1c sealant materials. 

• Prevents surf ace moisture intrusion into pavement 
base structures 

• And thereby reduces subgrade deterioration from 
erosion, freeze/thaw damage. 

• Strong and durable 

• Sticks readily 

• Easy and inexpensive to install 

• Stretches to span growing cracks without breaking 

• Delays reflective cracking 

• Can withstand trafficking for a reasonable time 

I 
RELEASE SHEET 

COATED 
NONWOVEN FABRIC 

RUBBERIZED 
ASPHALT 

MEMBRANE 

I 
0 Iv • o C:) o o O O • o O "o- (J o,.,.._ o O 0 

• • , 0 •o • 0 o O • O t • C • '--J O • O 



·! W PETROTAC® .. --..---.., 
' Pre-Coated Nonwoven Fabric 

CASE 
HISTORY 
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PROJECT: 

PROBLEM: 

SOLUTION: 

No. 7 July 1984 

Bridge deck repair, Santiam Highway, east of Sweet Home, Oregon. 

How to prevent surlace moisture from penetrating the deck. How to reduce deteriora­
tion caused by salt penetration. How to delay reflective cracking. 

Overlay deck with Petrotac BOG (Bridge Deck Grade), a unique waterproofing 
membrane comprised of durable Petromat, a polypropylene nonwoven fabric, pre­
coated with a rubberized asphalt adhesive base. 

Inclusion of Petrotac prevents surlace moisture from penetrating and delays reflec­
tive cracking. 

' 

..: 

;. 

Priming the new concrete and applying mastic 
along the curb. 

Applying mastic. 

METHOD OF 
INSTALLATION: 1. First the contractor aplied a primer to the new concrete. 

2. Mastic was applied along the curb. 

3. A roll (45' in length) of 3' wide Petrotac was unrolled and positioned along the curb. 

4. Then Petrotac was rolled up halfway; the contact paper cut and removed; and 
Petrotac was reapplied to the concrete surlace. 

5. To insure a good seal, the end of each roll was coated with mastic or asphalt 
cement. 

6. Each roll of Petrotac overlays the adjacent strip approximately 3 inches. 

' Trademark Phillips Petroleum Company 
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Unrolling Petrotac. Note it is lightweight and easy 
to handle. 

Sealing the end of a roll with mastic. 

Removing contact paper making sure the edge 
of the roll is allgned with the previous strip. 

Pressing Petrotac firmly onto the cement bridge 
deck with a roller. 

PETROTAC~ 
PRE COATED 

,.c,,,,.o,oW,), • 1 • •c 

A SUBSIDIARY OF PHILLIPS 66 COMPANY PHILLIPS FIBERS CORPORATION 
Covering The Country 

ENGINEERED PRODUCTS I.IAAKETING. P. 0 . BOX 66. GREENVILLE. SC 29E02. (&03) 2•2-«,CO 

WESTERN ZONE California Only 
1900 Point West Way (800) 952-5769 
Suite 261 
Sacramento, CA 95815 
(916) 924-3151 
(800) 437-6600 

EASTERN ZONE 
Post Office Box 66 
Greenville, SC 29602 
(803) 242-6600 
(800) 845-5737 

Tllil document raporu aceurat, ind rall1bl1 Information to 1111 belt of our knowledge, but our 1Uggu!Jon1 and ,-.:omm1nc1&tlon1 cannot bl guarant...i blc.luM 1/11 eondi!Joru 
of UM " 1 beyond our eontrol. Information PrtMnlld h111in ;, given willlout rat,ranao 10 any patent que1tlon1 wl'licn may bl tncount1rec1 in 1711 .,.. 1Mr10I. Such qunliona lhoulO 
bl 1n .. ,ugatld by 1710H uaing lhiJ lnf0<m1tlon. PhlUlps Fiblra Corpo,.tlon usu,,_ no l'Nponalbllity for 171• UM of Information prntntld ht'11in 1nd ht'11by '"'"'"'Y ditcllima 
au lllbllity In ,eguc, to IUCh UM. 

J863-2 



l 
1 , 

I , 
, 
, 
' ' ' 
, 
i 
I 
1 
I 

I , i- - ' 

~ script ion: 

SPECIFICATION 

PETROTAC* 

A nonwoven neadlepunched polypropylene· fabric reinforced with rubberized 
asphalt mastic on the b ottom side and precoated vith asphalt on the t op 
surface to provide high deqree of adhesion between the membrane and the 
wearing surfaca . Tho bottom side due to high adhesive qualities is 
attached to release p~per which is re.moved at the time of inctallation. 

properties 

Thickness, mils 
Strip tensile , lbs/ in . 

Puncture rosiot~nce, lbs 
Pen:ie~ nce -Penns 
Pl ~ ·· · · ··. i t y - 1/ ~" candrel 
lS L' ,. :.i :1d @ - 2 5' F 

~: 

Mini.mUJt Value 
<Except as Noted) 

65 
50 

200 
0.10 (lilax . ) 
no cracks in fa bric 
or rubberized asphalt 

Test Method 

A.STM D-1777 
ASTM P-i82 (modified 
1" spacing betwea.n 
grips) 
A.STM E-154 
ASTM E-96 Met.~od B 
ASTM D-146 

! o r 

To i· i:: ,'.1ppi ie<l in strips over cracks and joints of Portland Ceme:lt conc::::-ete 
or h :i. tuminous conc rete paveme nt s . The fa.bric adheres to the existing 
surface, t..~e fabric is the n overlayed with the bituminous concrete ovarlay 
by using ota.nd~r-d paving procedures. 

Purpose: 

Waterproo! pave.t1ents, joints and cracks and also assists in reducing 
retlection cracki~g through stress dissipation. 

Installation: 

The te.riporature shall be at least 45"F and rising. Pave~ent surf~ce ~ust 
be sufficiently dry t o p reve n t moisture migration from within, shall be 
tree of dust, and vegetation. Cracks greater than 3/8" in width shall b e 
rilled with suitable crack tiller. I! necesr.ary, Portland Cement conc~~te. 
slabs shall be stabilized. The fabric sh~ll be centered over joints and 
cracks to be treated and then shall be rolled. Transverse joints and 
cracks shall be treated be!ore longitudinal joints. Should a crack reguire 
~ore than one strip, the strips shall be overlapped at least t~o inches in 
the direction of paving. No prime coat is needed when dry pavement 
temperature iG 70 "F or above. Use of a priluer is recommended i! pavOJDent 
temperature is below 70"F. 

Tratfic may be allowed on the fabric for a reasonable period of time prior 
to application of tack coat and overlay. 

l A standard tack coat sh~ll be appliGd over paveJl\ent and Petrotac. lf 
I emulsions are used for the tack coat, it is very important that the asphalt 

is allowed to bre~k completely. Paving rnix ~hould be applied as specified: 
] however, an overlay thickness of leE& than 1-1/ 2" is not reco?n;ilended. 

•Trademark Phillips Petroleu~ Coopany 

1 
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liKDCH 
KOCH MATERIALS COMPANY 

COATINGS & SEALANTS DIVISION . 
Description 

Product 9000 is a hot applied crack liller consisting 
of asphalt, granulated vulcanized rubber. virgin 
rubber, fi llers, and plasticizers. The crack liller Is 

furnished as a solid, and et application tempera­

ture is self-leve llng . 

Applicable Specifications 

Producl 9000 meets or exceeds most st.;:a DOT 
asphalt rubber crack filler performance speci­

fications. 

PRODUCT #9000-S #9000-SH 
HOT APPLIED CRACK FILLER 

Recommended Use 

Product 9000 Is recommended as a maintenance 
crack filler for filling cracks in Portland Cement 

Concrete and asphaltic concrete pavement. 

Application Temperatures 

Heat material to between 350° F ( 177° C) to 400° F 
(204° C) before .;pplicarion or crack filler. 

NOTE: • 

Ph ysical Properties and Composite Technical Data 

Ground Rubber Content 

Virgin Polymer Rubber 

Flash Poinl coc 

Cone Penetration@ 77° F. 150 g., 

5 sec. (ASTM 0-3407) 

Softening Point 

Resilience Percent (ASTM D-3407) 

Ductility 39.2° F (4° C) 

Brookfield Viscosity 375° F (190.5° C) 

Bond, ½ inch Spec - 50% Ex t. 20° F (-6° C) 
Asphalt Compatibility (ASTM D-3407) 

Pouring Consistency 

9000-S 
Min. 13% 

Min. 2% 

9000-SH 

Min. 13% 

Min. 2% 

Min. 550° F (288° C)Min. 550° F (266° C) 

Min. ~O dmm Min. 30 dmm 

Min. 180° F (82.2° C)Min. 180° F (82.2° C) 

Min. 35 Min. 30 

Min. 12 cm Min. 10 cm 

Min. 80 Poise Min. 80 Poise 

Pass Pass 

Pass Pass 

Self-leveling Sell-leveling 

Physical properties melted in accordance to ASTM 0-3407 . 

.. 
It is not necessary to hold sealan t at pouring temperature lo allow asphalt and rubber reaction. Koch 

Product 9000 Series is reacted prior to packaging. 

KOCH I.U,TEII.IALS COMPANY wu,v••CTu1111<C PUNTS: N0""•uuB(RlAHO, ,tNH~V•"•• • r,,.,. c.,,. ... ......... Y ... • ~:•◄•n LOCATIONS: ~ TfllOVO, OICI..AtlOUA , H1g111w,y66(u101 5""9,d • 900,e.S.,.ft,n 
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ASTM 05084 90 .~ 0759510 00640li2 b • 

~m~ Designation: D 5084 - 90 

Standard Test Method for 

...... .... a ..... aoc,1 ,., ,o" , , 11 ,uc ~"'o u., , ,_,,." • 
11 16 P 1u g,. Pr,J ,o..l,:ihi 1. ,,, n 10, 

n,.,.,.. ..... °'""\kt~-, ao., .,I >,.Stu &•1n.otrd1. Coo,t"y'N ASl U 
ti f"liOI h\40 111' U-.. "'' ... "' u,,...~ ..-..c ,a.. ~ w,-p,e a• if\""" ne,1 ~ -

Measurement of Hydraulic Conductivity of Satura ted Porous 
Materials Using a Flexible Wall Permeameter 1 

7h11 sunOtrO h luutd under the na.oJ ~lllo• D SOS◄; the numb«r lrnmcdi11clt roUo..lnJ the dcd1•11lon lndlcatn th• >1" or 
oriJlnril 1dop1ion or, in 1hc ~ of Nrl11on, the rur of lut Nvllion. A number In portnth<ld lndk111u the rear of wl rtJP!)(Onl. A 
1upc:ricrlpt cp,llon (,) lnJkatb 111 Nlto,w ,ha nae lln<e the lul ~vision"' 1e1pp10VI.I. 

l, Scope 
I. I Thi$ lest melhod covers laboratory measurement of 

tho hydraulic conduc1ivi1y (also referred to as coefficient q/ 
prrmeatlllty) or water-s.ituratcd porous materials with a 
nexiblo wall pennC.'.lmcter. 

1.2 This test method may bo utiliz.ed with undisturbed or 
compacted specimens 1h:it have a hydraulic conductlvhy less 
thun ur ~ual to I x 10-1 m/s (I x 10-1 em/s). 

1.3 The hydraulic conductivi1y or mate1 ials with hy­
draulic conductivities g.rc:11er 1han I x 10-, m/s may be 
detennlncd by Tc.st Method D 2434. 

1.4 Tho valuc.s stated in SI units are to be regarded a.s the 
t.andard, 11nleSS other units aro !pecificaJly given. By tradi­

tion in U.S. practice, hydraulic conductivity is rcponcd in 
centimctn:3 per 3Cwml, 111lhoug.h t.he common SI units for 
hydraulic conductivity urc metres per second. 

1.5 TMs standard does nat purport to addre!s the safety 
probh·ms associatt'd with fts 11sc. It i.1 the respo,ulbility of the 
user of rhfs standard to establfsh appropriate safely untl 
health practices and determine the app//cob/1/ty of regulatory 
/fm/1111/vns J)rior ti) 11st'. 

2. Rcfcrc11ccJ Ducu111l·11ls 

2. 1 ASTM Stondurds: 
D 653 Terminology Relating 10 Soll, Rock, and Contained 

fluids2 

D 698 Test Methods for Moisture-Densi1y Relallons of 
Soils and Soil•Awegacc Mi.xturcs Using 5.5-lb (2.49-k~) 
Rommer ond 12-in. ()05-mm) Drop1 

D 1557 Test Mechods for Moisture-Density Rcletlons of 
Soils :ind Soil-Agg.rcg;ite Mi~turcs Using 10-lb (4.54-kg) 
Rommcr ond 18-in. (457-mm) Drop1 

D 1587 Practice of Thin-W:illed Tube Sampling of Soils1 

D 2113 Practice for Di:imond Core Drillinc for Site 
lnvcs1lgn1ionJ 

D 2216 Mc1hod (ur L.Jonslory Dc1crmin111iun or Wn1cr 
(Moisturo) Con1cn1 In Soil, Rock, and Soil-Ae,srcsntc 
Mlx1ures1 

D 2434 Test Mechotl for Pcm1cabllity of Cranulor Soils 
(Constant Heot1)1 

04220 Prnctice, for Preserving anti Tr~nspor1lns So!I 
Snmples' 

'Thi, 1u1 ""'hod h •nJot th• )urhJlctlo" or AfrM (.'ommlllco r>, 18 un 6,111 
•r\J n,,,:i.. 1,1J h tht 1.llu,11ui,.>no:bill17 of Subcon1n1latu 011.~ vn I l7d1uloJ), 
r rol'Ot1IC1 o( Soll onJ Roch 

Cun<nl cJlllon •nnru,, J Jvno l9, 1990. rvbll1h,J O.tul,., 1900. 
1 t/11111111I Jlr,uk ,J/ ,1S1'AI ~·111n,l,.,J,, Vul 0,1.01 .. 

D4753 Spccifl1:11tion for Evaluating, Selecting and Sped· 
fylng Ba.lances and Scales fur Use In Soil and Rock 
Testlng2 

D 4767 Test Method for Consolida1ed-Vnd~ncd Triaxial 
Comprc.uion1 

E 145 Specification for Gravlly-Convcclion and Forced• 
Vcntllatlon Ovens> 

3. Terminology 
3.1 Definitions: 
3.1, I hyt.'raullc conductivity, k- the rate of discharge of 

w11ter under laminar flow conditions through a unit cross­
scc1lona.l area of a porous medium under a unit hydraulic 
gradient and standard temperature conditions (20'C). 

OUCUUION-Thc term (Otff,(ti"' Q/ pmtl(Q/,/1/ry Is oncn used 
)1111,1J o( h,.J,uulk 1.-onJu,-il•l11, but h,.J1a11//,: C'O<l4u<ll•lty i, used 
cadusivcly in this lesl mtlhod. A more <omplctc dls.cuulon or the 
tcrmlnoloay auoc:ii ltd with Cnrcy'1 law is giYen in lhc litcra1u,c.' 

3.1.2 port volume off/ow-the cumulativ~ quantity of flow 
Into a tell specimen dlvl~ed by the volume or vold5 in lhc 
spcolmen. 

'.3. 1.3 Forderiniliuns oro1hcr tcrllls us.cd in this 1cs1 method, 
sec Terminology D 653. 

◄. S lgnlfl C11ncc: J1 nd u~o 
•I. I Thi, lest method applies to onc-<limcnsional, IDminor 

now or wnter within porou, materials ~uch a.s w:I anti rock. 
4.2 The hyJroullc conducdvlty or porous matcrial5 gcncr• 

ally decreases with an Increasing amount of ;ilr in lhc po(cs 
or the malcrial. This lest me1hod applies 10 wa1er-s:iturn1cd 
porous malcrials containing virtually no air. 

4.J Thl1 ICJt melhod applies to pcrmc3lion of porous 
ma1erfols with ~\er. Permeation with other liquids, such es 
chemical waste,, c11n be accomplished using procedu1cs 
similar to thoic deKribtcl in this lest method. However, this 
tl'sl method is only intended to l.>c used when water Is cho 
pcrmcant liquid. 

4.4 It Is usun:~~ ,hat Darcy's low Is vnlid and that the 
hydraulic conductivity is cs.sontlally unoITccted by Jtudroulic 
gradient. The v:illdity or Darcy's low moy bo eva· tb, ~ ~·­

meesurlns the hydraulic conduc1lvlty of the spc'-'" , .. 111 
thrco hydraulic itrndlcnu : If all measured values IHC slmllnr 
(wllhln obout 25 %), then Dnrcy'a lnw may bo token ,u valid. 
However, when tho hydraulic iradlcnt 11ctins on o IC&I 

1 A•lluol /1,ou4 q/ AST/./ S1011Ju1J,,, Vul (µ,02, 
• Olsen, I\, 1!., ind Ounlrl, O. U., "M1uurrr,,1nt 0( 1h1 llydnullc ConductMly 

oJ( f'l11,,0nlntJ ,~11,; s,,..,,.,1/u111 0,1 l'omr11LI///; n•,I G1u11nJ• -olrr C:n~1o1ml• 
111111t 1~n,.,,,.,,1, ,ISTM ~Tl' 110, AS"r~t . 1911, pp. 11-G~. 
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specimen Is ch;rngcd, the stute of stress will ulso dinng~-.. ond, 
if the specimen i, c~1mprcssil>h:, 1he volume of rhc specimen 
will change. Thus, some chnni;c in hydraulic conductivi!Y 
may occur when the hydraulic gr:idient is altered, even rn 
cases where Dorey's law is valid. · 

4.5 This test method provides a mcnns for determining 
hydrauli.~ i:onductivity at a con1rollcd level of dfoctivc ,tr~s.s. 
Hydraulic conductivity varies with varying void r:itio, wlu~h 
in tum changes when the effective s1rcs.s chongc.s. If the void 
ratio i, changed, the hydraulic conductivity of the test 
specimen will likely change. To determine the rclntionshi_P 
between hydraulic conduc1ivity and void r:itio, the hy_drouhc 
conductivity test would have to be rcpc::itcd at different 
offectivc stresses. 

4.6 The correlation between results obtained v.ilh this test 
method end the hydraulic conduc1ivitics of. in-pl:icc field 
m:iteriab has not been fully inveitigated. fapcnenee h:is 
somctinics shown that flow pa111:r11s In small test specimens 
do not ncccs.snrily follow lhe same p:itlcms on large field 
s~le.s ond th:it hydr:iulic conductivities mc:isured on smoJI 
test specimens arc not ncccss:irily the same as l:i;ger-s~c 
valueli. Therefore:, tho r~ul!s should be applied to field 
situations wich caution and by qu:1lified personnel. 

5. A_1p:m11us 
5.1 flrdrc111/ic Systr111-Const:int h~d (Method A), 

falling hc;id (Methods 13 :ind C), or constant r:ite of now 
(Method D) ,ystcms may be utilized provided they mccc the 
cri1eria outlined as follows: 

5.1.1 Constnnt Head-The .system nlll,t be c:ipable of 
molntoinin& con.stont hydrl!ulic prcs.sure.s to wilhin :::5 % 
and shall include means to measure the hydr:iulic pressures 
10 within the prescribed tolcr.mcc. In :iddition. the he:id loss 
across the tc.st ,pecimen must be held corist:inc 10 within 
±5 % and sh:ill be mc35ured with the ~me ac<"ur:icy or belier. 
Pressures shall be mc;uurcd by a pres.sure sai;c, electronic 
pressure 1m11sducer, or any other device of suit:!ble accur.icy. 

5.1 .2 Fal/i,,g !lead-The sy.stem shall allow for meo,urc­
ment of the applied head los.1, thus hydraulic gradient, to 
within 5 % or beuer at any time . . In oddilion, the rolio of 
initial head loss divided by final he:id loss over :in lnterv:il of 
time shall be measured such 1hat this computed rolio is 
oecuroto to within ±5 %. The hC.'.ld loss sh:ill be measured 
with a pres.sure gni;e, electronic pressure tranwuc.cr, engi­
neer's scnle, gnsduated pipette, or nny other device of sui1ublc 
accuracy. F:illln& he:id tests may be perfonncc1 wi1h either a 
constant tnilwatcr elc~ation (Method 0) or o rising toilw:ita 
elev11tion (Methc,J C). 

5.1.) Co11s1a,11 Rat,: of Flow-The system must be ca­
p11blc or moi111aini11& o constant rntc or now 1hroush the 
,pccimcn to within 5 % or .l>c1tcr. Flow mc::isurr.mcnl sholl 
be by colibrotc<l 6yrl11gc, gruJu:ited pipette, or other davico or 
suitable oceurucy. The hC11d loS3 across the spcl·imcn shnll be 
measu red to nn accurucy or 5 % or better using ;in i:lectronlc 
pro63urc transducer or other device or suitul>lc nccurncy. 
Moro Information on ICdling wllh u con&t:inl rnte of now is 
given In the lllcrnturc. > 

1 OJ.on, I I. W., Morin, k . 11., nno 1'/khnh, R. W., "Mo .. Pu,111' '-r1•ll1••1l11,11 In 
Trlulnl Tc•llnf; Sy,,111m/11111 "" ,1,/,n•trd 1",l11.,/11/ 7i-,1/11•· nf .\",1// um/ Jt,~·k, 
ASOI .\"rt' V1l. Mint. t9W~. pp, ~A-81, 

2 

5.1 .'I SJ'J/,•111 Vc:•ctfri11c-Thu hydr:iutic ,y~1r.m sholl be 
designed to facilitate rar,id l\nd cornplc!e rcmovol of free oir 
hubbies from now lines. 

5.1.5 flack Prrssure Sy.)"/t'm-Thc h)'dr :iulic sys1cm shall 
have the capability lo apply back pres.sure to 1he sp.:cimcn 10 
fucilitnle 5,;Jluration. The sys1em shall be c-Jpablc or main­
taining the oppli~d back pres.sure lhro.ighout the duration of 
hydraulic conductivity measurements. The back pressure 
system shall be cap:iblc of npplyins. controlling, ar mea­
suring the back pressure to 5 % or better of the 11s,pliect 
prc.ssurc. The back pres.sure may be provided by a com• 
pressed gas supply, n dcndwc11>1tl acting on a piston, or any 
other method c.ipable of :i)j:!yi•1s :ind controlling the b:.ick 
pres.sure to the tolerance prescribed in this p:irui;raph. 

Noa 1-Applicllion or &ls 1ircuurc di1cc1ly 10 :i Ouid will di~lvc 
g:u in the Ouid. A v:iric1y or 1c;hniouc> :ire o,:iil:iblc lu minimiz~ 
diuolurion or g,n in the t.,;ic~ prcs11>r~ nuid, includin, ~11JrJtiM or e;,s 
:ind liquid phGJc.s wi1h a blldrlc: Alld (1c~uc111 n:plJccmcnl u( the li<1uid 
wilh dc-~irc<l w•lcr. 

5.2 F/oiv l:.·omrr111c111 Systc111-1301h inn·o\V :ind 01.11now 
volumC$ sh:111 be mc:isur.:d unless lhc l:iek of lc:ik11sc. 
continuity of no\V, :1nd cc~tion of consolid:11ion or swell ins 
can be verified by other means. Flow volumes sh:ill Ix 
measured by a craduated 11ceumulotor, sradu:11cd pipette, 
vc:niail standpipe in .:onjunction wilh an electronic pres.sure 
transducer, or othc~ volumc-me:isuring device of suitable 
accuracy. 

5.2.1 F/0111 Aw,rorJ'-R.:quircd :lC'\:ur.icy for the Qu.intity 
of flow mc:l.Surcd over an in1erv:il of cimc is 5 9a or lx:ll<."r. 

5.2.2 Dt-niring anti Cc,;11µ/in11n• vf lhc Sys1m1-The Oow­
m<."asurcmcnt system shall contain II minimum of dcod sp:icc: 
and be cop:ible of complete :ind rapid de-airing. Compliance 
of the ,ysccm in n:spuns.; 10 ch~ngcs in pressure sh:ill be 
minimiicd by usinc a stilT now mca.rnmncnt system. Rigid 
tubing, such as mct:illic or rigid 1hcrmopl:istic cubing, sh:ill 
be used. 

5.2.) I/rad Lom•s-Hc:id lo~s in lhe tu~. v:ilves. 
porous end pieces, ond filler paper may kod 10 error. To 
guard as:iinst such errors, the [)l!m1eamc1er shall ~ os.~crn­
bled with no specimen insiJi: and then the hyd111uhc syst.:m 
filled . If o const~nt or folline hcnd test is to be um.!, the 
hydraulic pressures or he.ids th:it will bl! used in tcstins o 
specimen sh:ill he applied, 1111d th.: rote or now mc:isurcd 
with an aceurncy of~ % or belier. This rate of now s!1:ill be 31 
lcost lcn times crc:iter th:in the r:itc or now 1hnt i~ m.:,\Surcd 
wh-:n a spccime11 is placed inside lhc pcrmenmctcr :ind lhc 
same hydroulir. p1cssurcs or hends ;ire applied. If :i const:int 
roce of now test is to l>c u~cd, the rato or now :o l>c used in 
testing a ;pccimc11 sl,:.11 hr ~upplied 10 the permc;intctcr :ind 
tho lw1d lc,ss m<.":iwrccl. The head loss wilh()ut u spccl111cn 
sholl be less th:111 0.1 times the hend lus.s when a specimen is 
prc:sc11I. 

5.J A•m1t•a1111•rcr Cell f'1t•s.wr1• Sy.Hem-The sys:c 1 ,. 

prcssurldns the pern!cami:ter cell 5h;ill Ix cupah!c 01 111,­
plylng nntl conlrollini; the cell prcs.\urc to wi1hi11 5 % of the 
applied pressure. t-lowuv.:r, 1he effective &tro~ on 1hc tes1 
IJlCClmen (which is tho clifTc1cncc l>ctwccn the cell prcs.~urc 
nnd the poro wotcr pressure) ~hull he 111:-,l111nincd to the 
dealrcd vnlnc with 1111 nccurncy of 10 % or lxlti:r. The device 
for pressurlilns 1110 cdl muy 1:u11tii~t of II reservoir ru1111Cl'll'd 
10 the pcrml·a111l1t1:r n·ll nnc1 pnrtl:illy fillet! with dc-nirctl 

lT. 
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water, with tho upper port or lhc rcS(r.-oir connected to a 
compressed gas supply or other source or pressure (~c Nole 
2). The gos prc~uro shall be controlled by n pres.sure 
regulnlor and measured by e pre~urc gage, electronic pres­
sure transducer, or any other device capable of mc.a5uring lo 
the prescribed tolerance. A hydraulic 1yslc111 prc5.Suritod by 
dcoJ1• . ..:ight acting on II piston or any other pres.sure device 
capallle or applying and controllinc 1he pcrmeamcter cell 
pressurc to the tolerance pre.scribed in this p;iragrnph rn;iy be 
used. 

Non 2-Dc-airnl w~tcr i1 commonly uk'<l fo r the .:di nuid 10 
mi11imi2c potcnll~t fbr JilTusiu,, vf air through the mcmbr11nc into th, 
specimen. Other flui<.11, such JS oi\1, which h~vc low~ wlubllllkr ore 
also 1cccptJblc, provided they do not rc.1ct "'Ith comrioncnu or lhc 
pcrmc~meta. Also, ui<: or a Ion~ (Jpfir<11imatcly S to 7 m) tube 
Nnncc1inc the prCJ.Surlzcd c-cll li4ui<.l h> tlic c-cll hdps to delay th, 
opr>e~r:incc of Jir in the ccll ltuid and 10 rcdu~ th, Ou• or dilJ.Olvcd air 
in10 1hc cell. 

5.4 J'ermenml!tcr Cell-An apparatus sh:ill be provided in 
which the specimen :incl Porous end pieces, rncloscd by a 
rncmb:ane scaled to the cap and base, are subjected to 
controlled nuid prcs.surcs. A schematic diagnim of a typiCJJl 
cell is shown in Fig. I. 

5.4.1 The pem1eame1cr cell may allow for ob~rvation of 
cnangcs In height of the specimen, either by ob~rvation 
throuch the cell wall using e cathetomeler or other instru­
ment, or by monitoring or dthcr 11 lo11d i11 t piston or an 
exlcnsomctc:r extending through the lop pbtc of the cell 
bairints vn the top cap nod on.,chod 10 J. di:il indic11tor or 
other measuring device. The piston or e~tensorneter should 
p:i.ss through a bushing and seal incorporated ioto the top 
pl:llc and shall be loaded with sufficient force to compen~te 
for the cell pres.sure aclin& over the cro~-sutional area oC the 
pislon where it p~s lhrovgh the sc:il. If deformations are 
measured, the deformation indicator shall be a diol indiCJtor 
or cathetornetcr gradunted to 0.3 mm (0.0 I in.} or belier and 
having an adequate tnivcl r:ingc. A oy 01hcr measuring device 
meeting 1hcsc requirements is acceptable. 

5.4.2 In orC:cr to facilitate g:u removal, and thus satur:t• 
tion of the hydraulic &ystcm, four drain:igc lines lcodin& to 
the specimen, two c.och to the b:i!.C and top cop, arc 
recommen\kd. The drainage lines shall be controlled by 
no-volvmc-chani;c vulvcs, such as ball valves, ond shall be 
designed to minimize dead space in the lines. 

5.5 Top Cap n11d lJasc-1\n impcrmc:iblc, rigid top CJP 
und base shall be used 10 suppor1 the ~pccim1:n und µrovldc 
for tr:insmi5'Sion or pcrmcant liquid to ;ind from the spec­
imen. The diameter or width of the top cap and base sh~ll be 
equal 10 the diamcti:r vr width vr tli l! sp-:6,nen ±5 %. The 
base sholl pr..:vent lcnkosc, literal nio1ion, or tillln~. nnd the 
top cap sh:ill be dcsii;nctl to receive the piston or cxtensom­
ctcr, Jr used, such that the piston-l0•lop cup contact arc.i is 
concc1111ic with the cnp. The surr.icc of the base uncl toµ cop 
thnt contncts the membrane to rorm u sc;il shull Ix rn10111h 
nnd free o( ~ rutchc,. 

5.6 /-'/o;//,/r: Me111brt1111•x-The noxiblc mcmbrnno used to 
encase the specimen shnll provide rcliuble protection agnlnst 
lcuktt!le, The: momhronc shul! be l'Ord\1lly ln:sr~ctcd prinr 10 

u,c :.1nJ If nny nnws or pinholt:,j nrc ovitl.:nt, the n1cn1brnnc 
1111111 ho cl lscnrtlccl. To minimizo rcstruln to the specimen, the 
,llnmctor M wi\lth of the 1111~\rctchc<I 111c111hrn110 shull l>c 
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between 90 :ind 95 % of thal of lhc specimen. The mem• 
brane shall be s;ealcd to lhe specimen bJ.SC and cap with 
rubber O-rin&S for which the unstre~. inside di:imetcr or 
wid1h is less th:in 90 % of the diamelcr or .,,,idth of lhe b:ise 
and cap, or by any other method that will produce :in 
adequate ~al. 

Nur E 3-Mcmbr,ncl 11131 be tested for fl3w, hy placin& then, 
around n form S<41cd at both cndi with nibbc.r 0-rini,. subjrcting tl>cm 
10 a small nir prt1SU" on the in1idc, and ttien dlpplnJ them into wJtcr. 
I( air bubble, come up from any point on the mc:nbt'lnr. or if any 
vi1ibl0 01w1 art obl(r,cd, the mcmbr.m~ shall be disordc.1. 

5. 7 Poro11.r End Pfr,·es-The porous end pieces shall be 'of 
silicon corbidc, nluminum oxld~, or other m:iteria.l that Is not 
attncked by the specimen or perm cont liquid. The end pieces 
~hull have plijnc anJ smooth surfoces and ~ free of cracks, 
chips, :ind nonuniformities. They shnll be checked regularly 
to ensure thnl they are r\OI clogged. 

S.7. t The pcrovs end pieces sh:ill be the !amc diamelcr or 
width (±5 %) 11s the specimen, and the thickucs.s ahall Ix 
sufficient to prcvcn\ orcakini;. 

~. 7,2 The hy<lr;;.;lii.: conJul!livity of the l)vrous end pieces 
sh nil be slgnincontly grcntcr thnn that of the spccitw"' to be 
tested. The requirements oullined in 5.2.J ensure ti s. 

5.8 Filtt•r Pnf)t't-lr necern1ry lo prevent intn.,.~,. vi' 
malcriul Into the pore1 of the p<>rou.s end pieces, one or more 
sheet, or !liter p11pcr shull be pl need bet ween the top and 
boltom porous end pieces und the &l)<!ci111en. The pn1>er shnll 
hnvc o ntl!llglbly small hydraulic [n1pcdnn~c. The require­
ment, uu1llncd In 5.2.3 ensure thnt the imricd:rncc is small. 

1.9 /:'q11/11111,•111 for Co111pnct/11f/ 11 Sprd1nc11- Equipmcnt 
(incl11<lins compnclt1r uni.I molcl) ,ultablc for the mcthocl of 
compnctlon spcci11cd by the rcC]utMcr shull l>c u•.c<l. 
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.S. IO Sc1111111C' E.,·1r111/cr-Whcn the moteri:il hcinc tested is 
n soil core, the soil core shall usu:illy be rcmovcrl from the 
.snmpter with on extruda. The s:1mple extruder shall be 
c:ipnble of Cl\lruding the soil core frorn the sampling tube In 
the snmc direction of travel In whkh the sample entered the 
tube and with minimum disturbance or the s.mple. If the 
soil core i! not cxtrudctl vcnically, care should be token to 
avoid bending st1e.sses on· the oore due to &ravity. Conditions 
01 the time uf sample extrusion n10y dict:ite the direction of 
removal, but lhc principal concern is to keep rhe dee.rec of 
disturb:ince minimal. 

5.11 Trimming Eq11if1mt!11I-Spccific, equipment for trim­
mins the specimen to the desired dimensions will vary 
dr:pending on qu:iuty ond ch:iracteristics of the sample; 
however, the following irems listed mny be used: lathe, wire 
saw with a wire nboul 0.3 mm (0.0 I in.) in die meter, 
spatulos, knives, steel rasp for very h:ird cloy ,pccimcns, 
cradle or split mold for trimming specimen ends, and steel 
maig,ht edge for final trimming of specimen ends. 

5.1 2 DevicL·s for },.frns11ri11g /he Dimensin11: of rhc Speci­
men-Devices uscJ to me,uurc 1hc dimension. of the 
specimen shall bo cap:ible or mcllSurin& 10 rhe nearest 0.J 
mm (0.0 I in.) or beltcr 11nd shall be cons1ruc1ed such I hat 
cheir use will not disturb the specimen. 

5. 1 J Ba/anct>r-The b;il:ince sh:tll be suitable for deter­
mining the mass of the specimen and ,h:ill b.! s.clccicd as 
discussed· in Spccil1cation D 4753. The m:is5 of ssxcimens 
less rhan 100 s sh:ill be determined to the ncorc.st 0.0 I g. The 
mass of5pccimcns 100 s or larger sh:111 be determined 10 the 
nearest 0.1 g. The mass of specimens > 1000 g shall be 
determined to tho nearest 1.0 g. 

5.14 £q11if1men1 for Mount/11g the SpL'c/me11- Equipmcnt 
for mounting the specimen in thc pcrmc.1mctcr cell sh:ill 
include II membrane strctch~r or cylinder, and ring for 
expanding and placing O-rincs uu the base :ind top cop 10 
sc:il rhe membrane. 

.S. I 5 Vacuum P111np-To iwist with de-airing of 
pcm1eomcler system and ~tu ration of specimens. 

5.16 Tempera/1irt: Mainlolninc Device-The tempcr:iturc 
of the pcrmCllmclcr, test specimen, nnd reservoir of pcnnc­
ont liquid shell nol very more thon :!:3'C (::5.7 ' F). Nor­
mally, this is occomplished by pcrformins the re.st in o room 
wilh a rchllivcly cons1:1nt lcmpcr:ll\HC. If such :i room i5 nol 
ov;iilablc, tho appor:ilu5 shall he placed in a w;itcr bath, 
insul11tcd ch:imbcr, or other device !hot m:iint:iins :i temper­
ature within the tolerance specified in .S.16. T he tenipcroture 
shall bo pcriodicnlly measured onp recorded. 

5.17 Watrr Con/en/ Cu111ni11rrs-The ront:.1incrs sh:ill be 
In eccordence with Metho<.l D 2216. 

5.18 Drylnc Ovt•n-The oven sh:1II be in uccord:incc with 
Specification e 14.S. 

6. Rcngcnls 
6.1 P,•rin,•,1111 H1n/11r: 
6.1.1 Tho pcrmcunt water i:1 1hu liquic.l used to pcrmcn1c 

lho lcat specimen ond la also the liquid u.,ctl in b:ickprcnur­
lng tho .,pcclmcn, 

6.1.2 Tho typo of pcr111cu111 w:itcr shoulc.1 ho speriOcd l>y 
tho rcqucstor. If no epecll1co1lon i, mntle, IUp w.iter shnll bo 
uwJ for lho pormennl liquid. The type of wnlcr utlll1.cd ehnll 
ho lr1dlcu1ccl In tho report. 

l'hHt ~- Cl,cmicol 1111«0~1ion, ,,_,,..,,,,, n r,crmc~nt lioui.J and lhc 
po1ous mucriJI mly k~tl l<> vJriltiu11s i,1 h).J,~ulic ,-umh,c1i,i1y. Ui, ­
rillcd w:ircr can signilicJ111ly lower rhc hyJ rlult~ contluC1i•i1y or cll)CY 
10ih (S(~ 1hc li1cr:Hu1c).' r-or thi, rr~1on. ,.huillc.J wJl<r 11 not u l ullly 
rccommcn.JcJ u l ocm1cJnl li<1u id. A pcrnicJnl liquiJ u~ b,- J.Omc Is 
0.003 N ClSO,. 11,hich .-un be ohtJincc1 for C•lmPk . by .J11JOlvin, 6.8 & 

or nonhyJrJrcd, ieagcnt•i;rJJc CuSO, in 10 L of Jc-Ji1.:d. di11ilkd w~r~•­
l'his C:iSO, $Oluri..,n h lhoujht 10 neither incn,;is,: nor Jccre:w: 
sisnincon1ly the hydraulk conJuctivity o( cl11ycy )Oils. In ;irro.1 wirh 
c.<trcmcly b~ckish ~p water, rhc C;iSO, 10lu1ion is r,:;:ommc11 · ·d . 

6.1.) D<!aln•tf Walt'r-To oid in removing as much air 
from the test specimen as p<'~•iblc, dcaircd water sh:ill be 
used. The water is usu.illy dc;ured by bl)iling. by spraying o 
fine mist of water ir\10 on cvncuatcd vessel otuchcd lo e 
vacuum source, or by forceful ugitotion or w:itcr in a 
con1nincr e\lachcd to a v11cuum source. If l>oiling is used, 
care sh:ill be taken not to ev;ipor:ite an excessive amount of 
w:ilcr. which con k.'.ld to 3 l;irger sail conc~ntr..ition in the 
permc:int waler than <Jcsir~d. To p.-~•vcnt clis.solurion of air 
b:Jck into the water, deaired water shall not be e.~posed lo :iir 
for prolonged periods. · 

7. Test Specimens 
7,1 Sizc-Spc-:imcns ~h:ill haven minimum diameter of 

25 mm ( 1.0 -in.) and a minimum height of 25 mm. The 
height end di:imeter of the specimen ~h:ill be mc.'.lsurc-d 10 the 
nearest 0.3 mm (0.01 in.) or belier. The length and diamcrcr 
sh:i.11 vary by no more th:in :tS %. Thc surf;icc of the test 
specimen may be uneven, but indl!ntatio11s must not Ix: so 
deep that the length or diameter vary by more than :t5 %. 
The di11n1ctcr ond hcicht of the specimen sh:.111 each Ix: al 
leost 6 times grc:itcr lhan the large.~t particle size within the 
specinien. If, oficr completion of a test. it is found b:iscd on 
visual observation th:ir oversized p:.1rticks :ire present, th:it 
information shall be indic~tcc1 on the report. 

Nore S-Most hydr:ivlic C'Onductivi1y 1rs11 arc pc,fo,m:-! on cylin­
dric:il le.st ll)(timcns. h iJ pos..siblc to u1il1lC H'>CC1Jl cquipn1cn1 for 
lc.slins pris1,1. :ic ICJI spcdnicns. in "'hich cue reference ro "diomctcr­
ln 7.1 appliu to 1ho lcJst wid1h or lhc prismJ1ic rnt 1pc-cimcn. 

7.2 U11dis111rbed Spai111l'11S- Undis1urbcd lc~I specimens 
shall be prepared from s rcprcscntotivc ponion of unJ;, 
lurtx:d sample.s secured in eccord:incc with Procricc D 1587 
or Pr:ic1lcc D 211 J, end prcs«:rvc:d :ind transponcd in :iccord· 
once wirh requirements for Group C m:itcriuls in Practice 
D .$220. Specimens obtained t>y lube ~,mpling or coring mRy 
be 1cs1cd without rrimming cxccn1 for cullinc the end 
surfaces plonc and pcrµcndicul..1r to thi: longhudin:11 :uis Clf 
lhe specimen, provided soil char:ict,ristic~ :trc such thRI no 
,lgnificant clisturb:ini:c results frC1m s:impli11s. \\'h~rc the 
r.nmplins operation h:i~ ca11sc<l c.li.)turh:incc of the soil. 1hc 
disturbed 01nterinl sh:ill be 1rim111cd. Where rcmovul of 
pebbles or crumbllne rcsullins rrom trimming c:1usa6 voids 
on rhe surfac<> of tho ,ix:ci111en rh:it cnuse tht· ldns1 · "Ir 
<.liametcr 10 vory by more th.in ± ~ %, the voids )ho:i t-.c ,11, 

wirh rcmoldecl motcrlnl ob1:il11c<.1 from the 1rim111inB~- ·1 Ill' 

ends of the tc,t specimen sh:111 be cut a11t1 nol troweled 
(troweling con ,col off crncks, slickcnsic.le), or Clther scc­
on<.lory fcnturcs thnt might condul't wall'r flow). Sper irncns 
shull be 1rln11ncd, whc11cva nossihlc, in n11 c11vin,n111cnt 
whcro chunsc~ In moisture co11lc111 nrl' 111i11lmi1.c,1. /1. eon­
lrollccl hi11h-humlt1i1y room i! usu11lly 11~cd for thi.~ purpose. 
Tho rnns, nnd dl111011slo11s ur the 11:s1 ~J\\:cim,·11 shnll he 
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de1erminc·c..1 to 1he lolcrnncc, given in 5.12 ond 5. 1 J. Tho tc51 
specimen shall be mounted immcdio1cly in the permcam­
cter. The waler contcnl of the trimmings shall be de1cnnined 
In accordance with Method D 2216. 

7.3 laboratory-Compacted Specimens-The material 10 
he tc~aed shall be prepared and compacted ioside a mold in a 
rnar.ncr specified by the rcqucstor. If lhe specimen is placed 
nnd compacted in layers, the £urfacc of each previously­
comp:icted layer shall be lightly scarified (roughened) with n 
fork, Ice pick, or othor suitable object, unlC-$$ the r~ucstcr 
spccilically st111c.s that scarification is no1 10 be performed. 
Tc.st Mc1hods D 698 nnd D 1557 describe two me1hods of 
comp.<iction, but any other method specified by the requeslor 
may be used ns Ions as the rnc1bod is described In 1hc report. 
Large clods of rnatcrioJ should not be broken down prior to 
cornpa..:1ion unl~ it Is known that they will be broken in 
fleld construction, as well, or the requCjtor specifknlly 
requests 1h01 1he clod 3izc be reduced. Neither hnrd clods nor 
indivldunl particles of the m.iti:1-ial shall e).o=ed 1/t of eh her 
the height or diameter of the sp,:ci·H·~n. AOer compaction, 
the test SJX.-Cime11 shall be removed from the mold, the ends 
scarinc<l, oncl lhe dimensions 1111d weighl dc1ermincd within 
the tolcrnnccs given in 5.12 and 3.13. AOcr the dimensions 
and mass ore detcm,incd, the test specimen shall be i01111e• · 
dintcly mounted In the pcrmcarrictcr. ihc welcr content of 
the trimmings shall be detcrminal in accordance with 
Method D 2216. 

7.4 Other PrepnrOllon Mr:rliods- Other methods or prcp­
nrntion o( a test specimen ore pcrmittc<l if ssx:cificaUy 
requested. The method of specimen preparation shall bo 
ldent!fled in the report. 

7.5 Afier the heig.ht, diameter, mass, ond waler contc11t of 
the tcsl specimen have lxen determined, the dry unit wcichl 
shall be c:ilculatcd. Also, the lnlt.la1 degree of s.::itunition shall 
be estimated (this !n(ormatlon may be used lalcr in Ilic 
b:ickpressure stage). 

8. Procedure 
8.1 Spr:cl111t!11 Sc:r11p: 
8.1.1 Cut two filter paper sheets to epproxim:itcly tho 

s.ame sh:1pc as the cross section of the test specimen. So:ik the 
lwo porous end pieces end filter paper shect.5, if used, io a 
container of pcrmcont water. 

8.1.2 Piece 1hc mcml,ronc on the mcmbr:ine expander. 
Apply o 1hln coat of silicon high-vacuum grcu:!(; ti) the sides 
of the end cops. Pince one porous end piece l)O the base :ind 
ph.1cc one filter puper sheet, if uS<'d, on 1he porous end picc~. 
followed by the lcsl specimen. Pisco the ~cond filler popcr 
shce1, if used, on top of the specimen followed by the si:wnc..l 
porous end piece nnd lhe lop cop. Pince the membrane 
around tho specimen, and using 1hc mcmbr:inc expJndcr or 
other sul1obk 0-ring expander, pl3cc one or more 0-rings to 
£Cnl tho membrane to lhc b:ue ond one or more oddi1ion::il 
0-rlng, to seal 1hc membrane to the lop cap. 

8.1.3 Attach now tubing to 1hc top cop, If nol olrcady 
otlochcd, us..1omblo the pcrmeomclcr cell. ond fill It with 
dc-olrci.l wuter or l)thcr cell Ouid. Attuch the cell prc"urc 
rc,crvolr to tho pcrmcnmctcr cell llni: nnc..l 1111: !1yJrnulli: 
&ystcm 10 the lnOucnt nnu cffiuont li111:). Fill tile cl!II prc»uro 
rcxorvolr wllh clcnlrcd w11tcr, or other sui1:11llc llquiu, und the 
hyrlroullc syAtcn1 with dcnlr..:c..l por111c;in1 wnlcr. Apply n amn!I 
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confining µrc.ssure of 7 to 3~ kPe (I to 5 psi) to the cell :ind 
apply II pressure less th:.m the Cl)nfinl11g pr=ure to both the 
inOucnt enc..l cffiuc:111 systcnu, and Oush pcrme3nt water 
through the now system. AOer all visible air has been 
removed (rum the now linc:3, close the control v:ilvc.s. Al no 
time during Slllun!lil)ll or the system and specimen or 
hydraulic conductivity measurcmcnu shall the m.\itimuni 
applied effective Str~ be allowed to cxcccJ th:it to which the 
specimen is ti) lx conwlidated. 

8.2 Specimen Soaking (Optlonal)-To &id in s:itur11tion, 
spccimen1 may be soaked under pdrtial vacuum applied 10 
the lop of 1he specimen. Atmospheric pressure shall be 
applied to the specimen bas.c through the influent lines, and 
tho m11g11ltudc of 1hc vocuuni '°l to generate .i hydraulic 
gradient aero~ the sample lc.u 1htn that which will be used 
during hydr:iuli.:: conductivity me~urcmcnl'-

NUTr 6-SoaJdna uncJcr vacuum la npplicablo ,.hen Chere • re 
continuou\ air voiJs tn 11,c specimen. Sookln, und<r vacuum is only 
recommended for lC11 specimens with iniliol devrc, o ( LJtun.1ion below 
70 ~- The sp(cimcn mJy swell when c1po.l,(d to wller, the cffcc1ivc 
urcu will lend 10 coun1cr.ic1 lhc swcllin&. Jlowcvcr. for mJteriJh 1h01 
tend 10 swell, unlcu 1hc ,ppli,·J dfo.:1i,c w= h '1CJlcr lh.1n or cQuJI 10 
lhe ,well prcs.iu,c, chc specimen will ,well. 

8.3 Dackpn'JS/lr(' Saturation-To s:iturB IC the specimen, 
b:ickpres.suring il usu:1lly necessary. Ficurc 2 provides guid­
nnce on b:ick prcs.,uro required to ott:iin ;:i1ur:itio,:. 

Norr. 7-Fiiur.: 2 u,11n1c, 1h11 lho water uKd ro, bock prci.surc is 
dcolrcll and thil lh~ or.!y source (or Dir 10 lliuolvc ln11:1 the wJ1c1 Is ai r 
l'tom lhc tut srccimen. If uir prcuurc is u$Cd to control the bJck 
preuurc, prusurhcd air will diuolvc Into the waler, thus '•icing lhr 
capacity of the wo1er used for blld: prcuu1c to dluolve air · co, · · .. ~ 
porca of lho lc4t 11xcln1~n. Tho problem Is mlnimlzcc.J by U)1,1~ ~ Ion; 
(>j m) lub.: 1h01 11 lmpcrmcoblo to olr belwCL·n lloc 11i1-w~l~r l,1lafccc 
and lc1t apcclmcn, by ..,,,..ro1l11g tl,~ back•pre,11urc wJl<r from tho air b y 
o motcrial or Ould 1h01 It robttvcly Impermeable 10 air, by pcr1oolc~lly 
rcplaclna the b0e~•p1cuuro water whh dcairt'J waler, or by olhcr mcJns. 

• lnwc, J .. ind Johnoon, T. C .• "UM of llock P1cuu1c 10 lnccclloe tx1rcr o( 
S41u101l~n or T1l1,l•I Tt11 S~lr11cn1," /'11"'·,,//r1,1. A.\'( ' /{ llrsrn•,·4 ('turf,•1,·11,,• 
"'' ~·1,ru, .,u,, ,ril, ,i/C,,1,..,l•f S,1lf1, U11vl,lt1, CO, (Q60. 

lT1 



·•..:.:....: 

-

·;'.:·: .1 ·?~:. l~::·(1 

ASTM 050~4 90 - 0759510 0064047 S -

~ITT'tl D 5084 

8.3 . I Open the now line valves nnd Oush out of the system 
any free oir bubble$ using the proccdurll outlined in 8.1.3. If 
an eleccronic pressure lransducer or other measuring device 
is to be used during the test 10 mensurl.! pore pressures or 
applied hydraulic gradient, It should be bled 'of any trapped 
olr. Take and record an initial reading of specimen height, if 
bclns mon1:orcd. · 

8.3.2 Adjust 1he applied confining pressure to tho voluc to 
be used durint: s.iturntion of the Sllmple. Apply baclcprcs.sure 
by simult.aneously increasing the cell p~ure end tho 
influent ond cmucnl pressures in increments. The maximum 
value of an increment in b:ickprcssure shall be sufficiently 
low so that no poin1 in the ,pccimcn is exposed to on 
erTec1ive stress in excess of that to which the specimen will be 
subsequently consolidated. At no time shall a head be 
applied so tha, the clTectivc confining stress is <7 le Pa ( I psi) 
because or the danger of sep:ir:ition of the membrane from 
the test sS)l:cimen. Mnin1ain each increment of pres.sure for a 
period of a few minutes to a few hours, depending upon the 
characteristics of the specimen. To assi,• lo removal of 
trapp<d air, :1 smnll hydraulic gradient may be :ipplkJ acro.5.5 
the: sl)l!o::imen to in<lucc Ouw. 

8.3.3 Saturation shall be verified with one o( the three 
following techniques: 

8.3. ,.1 S.iturntion m.iy be verified by mcasurins the B 
coefficient os described in Test Me1hod D 4767 (~e Note 8). 
The test specimen shnll be considered to be adequately 
soturatcd if(/) the B value Is ~0.95, or (2) for relatively 
incompressible materials, for c.(a.;,11ple, rock, if the 8 value 
remains unchanged with application of larger valuc:s of back 
pressure. Tho B value may be mc:isurcd prior to or oOer 
completion of the consol!dation ph:ise (~e 8.4). Accurate 
D-value dctennlna<ion c-an only be m3dc if no gradient is 
neting on the specimen and oil pore pressure induced by 
consolid;ition ha.5 dbslpatcd. · 

Non. 3- The D cocrncicnl 11 defined for this type of tut a., the 
change In pore witcr prt.Uvrc in the porous mJtcrfal divided by the 
chanae In connning prusvre. Comprti.silile molcrio4 tlut aie I\Jlly 
sa1ur1tcd with water wilt have a B value of 1.0. RcbtiYCly lncomprc.u• 
iblc, 1oatur11ed materfah ha•c D values which we $0n\C,.,lut ~ than 1.0. 

8.3.).2 Satur:ition of the test specimen m:iy be conlirmcd 
nt the completion of the test by cnlcu!;i I ion of the finnl degree 
or Sllturalion. The final degree of s:iluration shaJI be 100 ± 
5 %. However, mcnsurement of 1hc 8 cocfficienl .is described 
In 8.3.3. ( or uso o( some ocher technique (8.).3.3) is strongly 
recommended becnuse it is much belier to confirm ~turn. 
lion prior to permeation than to w.iit until oOer rhe test to 
determine If tho test was valid. 

8.3.3.3 Other mcons for verifying s.iturn1lon, such as 
measurement or the volume ch:ingc of the specimen when 
the pore water prt:3Surc ho, been changed, cnn be used for 
verifying saturnllon provided dot.n ore 11vailnbic for simllar 
materials to establish that the procedure used conOrms 
saturation 01 required in 8.3.3.1 or 8.).'.l.2. 

8.4 Co11solldn1/011-Tho ,pecimcn shall~ consolidulcu to 
tho effective stress apcclOcd by tho rcquc,tor. Con.,ollc.Jntlon 
moy be accon1pllshcd In stoscs, If do,lrcc.J. 

NnTU 9-Tho tell s11ecln1cn n1ay bo consolldJlctl rirfor 10 nrirlknilon 
or backprt'1UIQ, Alao, tho bnckprcuuro ~ntl conllllldutlon phJM:1 niny 
bl, tom11lctnl concurronlly I( bllck11rcuu101 nro or,plitd ,uffidrntly 
,lowly 111 111tntn117.o potential (111 ovcr~o1uolldntlon of tho 11-.;dn1on. 

8.4. I Record the 5peoimon height, if tx-ing monitored. 
prior to application of consolidation pressure :ind periodi­
cally during consolidation. 

8.4.2 Increase the cell pressure to the level necessary to 
develop the desired clTcctive stress, ond begin consolidation. 
Drainage may be allow~d from the b:ue or top of the 
6pecimcn, or simultaneously from both ends. 

8.4.) (Optional) Record outOow volumes 10 confirm that 
prim:1ry consolidation has been completed prior to ini. ,tion 
of the hydraulic conductivity test. Alternatively, measure­
ments of the change in heigh' nf the test specimen c.in be 
used to conOrm completion of consolidation. 

NOH tO-The procedure in 8.4.) is op1lon~I because I~ require­
menu or 8.$ ensure thJt tho tc,t , pccimcn h adtQuatcly roMOlidated 
dur.na pcrmeJtion bcc.1usc if it Is not, inflow and outflow volumes will 
tlirTer &IJniOc.1ntly. Howe,·cr, for accuntc D.v(l)vc dctcnnin~tlon. com• 
pie lion of cons.olidJtion should be conlirmcd (gc 8.J.J. t ), h is 
recommended th~t ou10ow volumes or h.:i~t chins~s be rccordtd u o 
meJns for verifying the completion of conwlidltion prior to lnitiJliu­
tion of permeation. Also, mc:uurcmcnu In the change In ~g.ht of the 
tel! specimen, coupled with lcnowlcilgc of the initlJI hti~t. provide Q 

mean, for checking the linJI hci,ht of lhc specimen. 
B.S Awn,·at/011: 
8.S. I Hydra11/h· Gradient-When pas.siblc, the 1o1draulic 

g.redlent used for hydraulic conductivity mcnsurements 
should be ,imil:1r 10 11lat e.itpccted lo occur in the licld. In 
general, hydraulic g.redient..s from < I to S cover most fleld 
conditions. However, the uso of small hydraulic gt:1dients 
can lead to very long tes1ing times for materials having low 
hydraulic conductivity (less thon about I x 10~ cm/s). 
Somewhat l:irger hydraulic &n1dients arc U5\lally wed in the 
laboratory 10 accc:lerate testing, but excessive gradients must 
bo nvoidcd ~use high seepage pressures may consolidate 
lhe material, m11tcriol may be washed from the sl>(cimen, or 
flne p11rticlc.1 may be washed downstream and plug lhe 
effiuent end of the le.st specimen. Thest effects could incrcnsc 
or decrease hydraulic conductivity. If no gradient is specified 
by the rcqucstor, the following guidelines mny be followed: 

Hydraulic Conduciin1y, 
cm/, 

R\"\.-,in,mcnded 1,1.i ,hnum 
Hydnulic 0$!M 

l)(to-1 101x10·• 2 
t >< 10· 1 10 I l< 10-1 S 
I )( 10-• lo I X 10·• 10 
I x to•• IU I x 10-• 10 
ln.s lh>n I X 10-• JO 

Nor& I 1-Sci:pi;o pres..surcs iusociJted with IJ1te hydnul:c gl'-:ldi• 
cnu ,an consolidotc f00, contl)(CUlblc Jpctimens Jnd ,cduc~ their 
hydraulic conductivity. II moy t>c nt(WOry to US( ,mlllcr hyd111ullc 
aradlcnu (<10) (or such specimens. 

8.5.2 lnltialilat/011-lnili:ite permeation of tlic specimen 
by lncrc:ising the lnOucnl pres.sure (sec 8.3.2). The effiuenl 
prc5.5urc sh:ill not t'C dccrc~scd because olr bubbles that were 
dissolved by the sl)l:cinicn water during bnckpress\Jring mny 
come out o( solution if the pressure is decreased. The t · 
pr~urll sholl be m:iint:ilncd throughout the pcrmea ~~ 
phosc. 

8.S.3 Cons1nn1 Hcad Tl!st (M,•thad A)-Mc;\$urc und 
record tho required hend loss ocron the te.~t specimen to the 
toleroncca stated In 5.1.1 and 5.2.J . The hcnd Ion 11crnss the 
specimen ahull hl.l kor,t conatunt ±5 %. Mco~uro nnc.J record 
r,crlodlenlly 1h11 qunntily of lnfiow o., wdl oi the quo11tity of 
ou10ow. Also mct1suro nnd record nny ehongcs In hclgh1 of 
tho 10,1 specimen. If l>dni monitored (ice Note 11 ). Con-

I' 
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1inuc ixrmcation until :it least four valut:~ ur hydraulic 
conductivity arc obtoined over on interv:il of 1imc in which: 
(/) the ratio of outnow to innow r:itc is between 0.75 11nd 
1.25, und ()) the hydraulic conduetivi1y is 3teady. Thi! 
hydr:iul ic conductivity sh:ill be considered ste.1dy if four or 
more consecutive: hydra:ilic conductivity determinotion, foll 
witr:n :t25 % of lhe me:in value fork :: I x I0- 10 m/s or 
within ±50 % for k < 1 x I0-10 m/s, :ind a plo1 of the 
hydraulic conductivity v..:rsu3 time shoW3 no significant 
upward or downw:ml trcnJ. 

11.5.4 Falling-/frad Te.Sis (Mcthrxl:s ll unJ CJ-Measure 
:ind record the required head loss across 1he IG$I specimen to 
th~ 1olcr.1nccs ststc:d in 5. 1.2. r-or folling-hc:ad tests, at no 
time shall the applied he.-id loss across the sp.:cimen be lc:s.s 
1han 7 5 % of the initi:il (m:uimum) hc;id loss during each 
lndividu;il hydraulic conductivity determination (sec Note 
12). Pcriodic:illy measure anti rc:cu1J ony chonscs in the 
height of the spcc:i1m::11, ir being monitored. Continue ptrme­
:ition until :it lc:i~t four values of h)·dr:iulic con luctivity ore 
obt:iined over an i11h:1v.il of time i:: ·.,hich: (/)the rutio of 
outOow 10 inOow rate is between 0.75 and U5, :ind()) the 
hydr.1ulie condui:tivity is sttady (sa 8.5.3). 

Norr 12-Whcn 1hc w31cr p,c ... urc i11 a 1.:,1 1p:cimcn chAnr,<> •nd 
lhc ~µphe<l IOIJI SIi~ Is cun>1Jnl, 1hc dl"n:1i,e 1110.1 in the ,~sl 
sp.:dn1cn thunHc.s, which c-•n G.1Ui.( volume chJnr;es thlt :Jn invJ!idJlc 
the test rt.lulu. The rcqui1emcnl lhlt Ill<' held los.s nol decrcJI<: ,cry 
much is intcndcJ 10 keep the elTect,ve SIIC$1 from chJngina 100 much. 
r-o, caucnwly wn. rumµ,=il•lc I OI ,po.,imcn,. CYCO rno,c rotrietivc 
cri1c,fa n1l~h1 be ncnkc..l. Al><• ... :,w the ini1ial and tinJI he•d loUCJ 
11cros.s the test specimen Jo not diOrr by much, vc.it JccurJcy is nee.Jed 
10 comply "'ilh the requirement of .S.1.2 1h31 1hc r.uio of ini1iJt 10 tinJI 
held lo~ be lletcrmiMJ with Jn Jccvracy of ±S '- or bc1tcr. When the 
Initial and tin•l held lcw over an intcrvJI of 1imc do no, Jiffcr very 
much, h n1Jy be pos.sihlc HJ ,·1J111ply with the rc-qulrcmcnlS for o conll•nl 
hel d test 18.S.J) in which the head los.s mu)t no1 J ilTc, uy nh)tc thln 
±5 '- •nd to lt(OI lhc ICII u t conlllnt held lc.11. 

8.5.4. I Test with Cn11sta111 Tai/water levt·I (Method B)­
lf the water pres.sure at 1hc downstream (t..allwatcr) cm.! of the 
lest specimen is kepi const:int, pcriodlC.'.lll)' mc.1surc ontl 
rc1."Qrd ciU,e, the quonthy of lnOow or 1he kvl!I of water in 
the innucnt ~tanuµiµe ; IIIC:l.$U[C end record lhe qu~nlity of 
outOow fr om the: le~t apccimen. 

8.5.4.2 Tc•.11 with /ncreosl11g Tail,mtt:r Lt'vc'I (Method 
CJ-If the water pn:ssur..: :ii the dv1vns1re:i m end of the test 
specimen rise_, durlns on lntcrv:il of tir.-1c, pcrioifo::i!ly mea­
sure ;ind record either the quantity ur inlluw 11nd outnow or 
the chanscs in w:itcr levels in the influent :ind eOluent 
51:indpipcs. 

8.5.5 Cu11s1n,J1 RalC• of Flull" Tt·lts (Mcth11d DJ-Jni1i;i1c 
permeation uf th..: specimen by impl~1ins .i const:int Oow 
rote. Choosu the now ra1c so tho hydr:iullc gra<.lit:nt docs 1101 
exceed the voluc spccilicd, or If none is spc:cilii:d, the vuluc 
recommontlctl in SJ . I . P..:, iodicntly mc,,surc the ralo of 
lnnow, 1hu rntc of outnow, ond hcnd lo.s.s .11:ross 1h..: test 
specimen to the tolcrnncc1- given In j. I.). J\bu, mcusu1c and 
record any changes In spe..:imcn heist11, if being monitorcc1. 
Con1lnue r,e rmcu1lon until nt knst four v;iluc~ or hydrn11lfc 
cond11ctlvi1y nrc obrnlncJ over un in1crv:it or 1i111c In whkh 
(/) the rutio or lnnow lo outnow rain 1~ bc:twl'\:11 0 .75 untl 
1.25, ond (2) hyur:tullc conc1uctivlty is MC:1Jy (~cc !U.l). 

8.6 Final /)/111r11.1lc111s 0/1/11• S11,•cl11w,1-l\f\cr Nm1,>ktio11 
of pcr111cutlo11, reduce lhl! npplicd c11111l11lnu. l11l111rn1, uthl 

7 

emucnl pressure~ In a m:1nncr lhll t doe\ not aencrate 
signlr,cant volume ch:inge or the test specimen. Then c:ire­
fully disassemble lhc permCJter cell and remove the spec­
imen. Measure J ntl record the final hcigh1, di:imctcr, and 
total mass of the spc:cimen. Then determine the fina l wnter 
content of the srx:cimcn by the procedure of Method D 2216. 
Dimensions and mas.s of the test specimen shall be mcJsured 
to the lolerJnccs specified in 5. 13 and 7. I. 

NOT£ 13-Thc spc:c,mcn miy swell Jncr rcmu•al of t,.,,:l,: prc)Ju" is 
J result of air coming out or 1ululi1J,1. A comction m~y be mode for 1his 
c1Tcc1, provided lhJt cha, . ._. I in Jhe length or the spocin1cn 1rc 
monitored durina the le.It. The suain uuscd by di1man1lina 1he cell is 
computed from 1hc 1tnc1h of the srxcimcn before • n<I ancr dismJn1tin, 
the ttll. The ~me strJin is u.1un1cd to hJvc occum:d in the diJmctcr. 
The concc:tcd di•mc1cr Jnd ac1uJI lcn11h 1-<forc 1hc ~ck prcuu"' ...,,s 
f'(movcd arc us.cd 10 compute the volume or the test .spc.-cimcn prior 10 
dismJntlins 1hr cell. The volume prior to 1l11m:in1ling 1hc cdl is used ,., 
dc1crmin~ 1hc nnJI dry ilcmit1 c,1d deg.rec of ~, n,n.1ion 

II 

9. Calcul:iJlon 
9.1 Con.iru11/ 1/cuJ and Co11sw111 Rott· nf Flow 'l"c•.11J 

(Methods A anti DJ-Cal;ulJ1c the hy<Jr:iulic i:onctuctivity, k. 
as follows: 

A. - QI./ Ath I I l 

where: 
k = hydr:iulic conductivity. m/s, 
Q • quantity or now, taken as the avcrcsc of inOow :ind 

outOuw, 111\ 
L • length of specimen along p:ith of flow , m. 
A • cros.s-sc:ction:il arc:.. of specim,n. m1

, 

t • interval of time. s, over which the now Q occurs. :ind 
h • difference in hyJreulic head :icros.s the specimen, m of 

WOICr. 
9.2 Folli111;-Ht•uJ T,•;ts: 
9.2.1 Col/SICJnl Tni/wotc•r Pri>ssure (Mctliutl B}- C11kulatc 

lhc hyurnulic conduclivity, k, a, follows: 

k • - In -al ( h,) 
,It h1 

(2) 

whc:re: 
a • eros.s-sectional urc:i of 1hc rc~crvuir cont.1lning the 

lnnuent liquid, m1, 

L • length of 1hc Sf)(Cimcn, ni, 

A • cros.s-scl!tional ar.:a of the specimen, m~. 
1 ° el:ipscd time txtween tlctcrmin:i tion or h1 and lt1 , s, 
h1 • hc:id los.s :1cross the specimen :it 1ime 11, m , and 
h1 • he.id los.s :icros..s the specimen at tir.1c: I,. m. 

9.2.2 !nt·rc·aJi11g Tnilwarer Pressrm• (}.{.,t11,1d CJ- Cnlcu­
iatc the hydrau lic ( l)llduc1ivi1y, J.:, os folio....-,: 

()} 

where: 
ll1n - cros.s-scction;il orcn of the re&i:rvoi: con,_: . .., 1hc 

innucnl liquid, "' l. 
n_, • cross-sectioMI nrcn of lhe reservoir eont:iining the 

cffiuc111 liquid, m 1
, 

!. • kns1h or the spcdml!n, m. 
,l - cross-sc,tio11nl urL·n of the specimen, m 1, 

.. clnpmJ timl! between dctcr111inn:ion of h1 ond h1, s, 
/J1 .. hcnc1 luss 1tcross the ,1)1:cii11cn nt tin,\! t, tn, nnd 
h1 .., hcnil los., ncros., tht: ~p<.:ci111c11 nt 1in1c ' i • m. 
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4@, D 6084 

Nore 14-For 1ho nm in which u._, - a,~ - n, 1he cqu1llon for 
calculnllng k for n falling head 1w wi1h ~ ri1lni 1:ilwo1er Intl i,: 

TAIILI! I Corroollon Focto, R, for Vltoo• II)' ol Wa to, a l V11lou1 

k •~In(~) (4) 
-2,11 /ti 

9.3 Correct the hydroulic conctuctivity 10 1h11t for 2o·c 
(68.F), k20, by multiplying k by the ratio of the viscosity of 
water a1 t.:st tcmper:11urc to the viscosity of w:iter at 20°C 
(68"F), Rn from Tnble 1, as follows: 

10. Report 
10.1 Report the following information: 
10. I. I Sample identifying lnformntlon, 

(5) 

10.1.2 Any special selection ond prepnrotion process. such 
as removal or stones or olher materials, or indic:ition of their 
presence, if undisturtxd ~pc~imen, 

10.1.J Descriptive information on melhod of comp:ic­
tlon, 

10.1.4 Initial dimensions of tho specimen, 
10. U Initial waler content nnd dry uni I wciplit of the 

,pecimen, 
J 0.1.6 Type of pc:rmc.anl liquid used. 
10.1. 7 M:ignitudc of total back pressure, 
I C' 1.8 M:ixinium nnd minimum effective coniolldotion 

st res:. , 
NOTE I~ TIie n1ulniun1 crrccli •c >lrt.U eAhlt ., the emuont end or 

the test spcc1m~n :>nd 1hc minimum ,trt:Sl lt the innuent end. 

10.1.9 Height of specimen aner comph.:1i<.>11 of eon3olidn­
tion, i f monitored. 

10. t. 10 Ranee of hydraulic gradient uSt'd, 
10. 1.11 Fin:il length, diameter, w:11cr content, dry unit 

weight, and degree of aaturotion of the test specimen, 
10. 1.12 Averuge hydraulic conductivity for the hut fou r 

de1ermina1ions of hydraulic conduc1ivi1y (obuincd :,.s de­
scribed in 8.5.J 10 8.~.~). rcro'rtci.l with two significant 
figures, for e:rnmplc, 7.1 x 10- 0 m/1, and rcpcrtcd in units 
of m/5 (plus additional units, if requested or custom:iry), 

10.1. 1 J Gr:iph or table: of hydr:iulic conductivity versus 

Temporoturu A 

l t lnpClrttulo. ' C R, Tompe,11vro. •c R, 

0 I 78J ?5 0 ffi 
1 1.723 26 0.&09 
2 1.60• e1 0 f60 
J 1.911 :08 0.832 

◄ u~o 29 0 .814 
5 I 611 JO 0.797 
e 1.46' JI 0.: 1 
7 1.◄21 J2 0 .7,, 
a I .J79 JJ 0.1◄9 

' t .l:39 ~ 0.733 
10 UOI J, 0.719 
11 ,.2e, J 8 0 .7~ 
17 1.230 J7 0 .1192 
IJ 1. 107 38 0.878 
H 1.165 JO o.aes 
16 1. 1J5 ◄O 0.6S3 
16 1.106 41 0.64 1 
17 1.017 Cl 0.&?9 
18 1.051 ◄ J 0.618 
10 1.025 ~· o.e01 
20 1.000 -iS O.S90 
21 0,978 co o~s 
22 0 05J H 0. '7S 
23 0.931 ◄8 0 566 
2◄ 0.910 ◄9 o.sso 

~ R, - (-0,02◄52 T + 1.495) -..ntre Tu IM 000,IHI, oc,1 , ,u, 

time or pore volumes uf 01)w is recommended. 

11. Precision nnd Bia, 

I I. I Prccis1011--Data arc being evnlu.ilcd Iv determine 
the precision of this test method. In addition, Subcommittee 
D 18.04 on Hydrolo6ic Propenics or Soil and Rocks. is 
seeking pertinent data from users of thi, test method. 

11 .2 Bias-There is no accepted reference v;ilue for this 
test method, therefore. bias cannot be determined. 

12 . Keywords 
12.1 cocfTicient or pcm1c:ibility; hydraulic bJ r.iers; h>•· 

draulic conducti, ity; liner; permeameter 

T/i, 4/Nrlc• n Soculy lo, Tur/no • r><J J.tl/ttW l ILlU r>O (><).lttlOII ,1,p,,,;1fno tho r,Ud4 y of arty ~ l tto/ t lQl>ll IUtvf._, "1 (c,,,r,octi<v' 
.. n 11 •"Y lrtm m o/'1/IOlltd In lhlJ ll.->d,id V Htl cl tl>JJ 1l•~•rd ue o,p,,,.,ly 1d>l1od IIW dtlttmln1t,o,, 0/ 1/11 u l,ar.y OI 11,Y IVCII 
P4'""' t/pllll. at1d the 11, ~ OI t,,/1l,,pem1,,r ol J...C/) t~"IJ. VI cnrt, .. y 1/l t lr own t 6Jpo,!IIOll/ly. 

7h11 1tond11d 1, , u1>/1ct to ,,,1, 10/I • I " ·f rim, r:,y ,,,. 10,1pct1Jll>I• 1«Mlc,I comm~,,..,""' muJI 1>o ,.,,, .. ,d •••'Y flva r•••r ' "" 
If n01 rovlsed. , n1101 tU/;tHO•od c, wnhd14wn Yo.,r comm1"11110 /11•,l~ , 11110, Jo, t,vt,ton OI 1111, ,1, nd11d 01 to, 1ddhionot 11,nott~i 
, rra t l!oulc1 bd 1dd1uud 10 ASTM lfu dcuor:oo Yovr ComtnfnlJ wru 1oc1tv, cu,M corr., 1ao111Jon 11 • moe11ng o/ tM ru;x,,111, ,e 
l~ltrrtc, , COllltll/!IH , w/11.:/1 YO<J m,y , nor>a If yO<J 1,01 '"'' )'0</1 comm, r.1, ,,, •• tlOI tKofvod e 11!1 " ' ~ "'P Y°" J IIO<Jkl m,t, yo,.,t 
vlow, "'10WII lo /he AS(M Con11M/to en SlatrCat.SJ. 191a R,c, Sr., P/IHodolpN, , PA IP/0.1. 
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7-17 SANITARY SEWERS 

7-17.3(4) Cleaning and Testing 

7-17.3(4)A General 

Sewers and appurtenances, where required in the Plans, shall be cleaned and tested 
after backfilling by either the ex.filtration or low pressure air method at the option of the 
Contractor, except where the ground water table is such that the Engineer may require the 
infiltration test 

All work involved in cleaning and testing sewer lines between manholes or rodding 
inlets as required herein shall be completed within fifteen working days after backfilling 
of sewer lines and structures. Any further delay will require the written consent of the 
Engineer. The Contractor shall furnish all labor, ~aterials, tools, and equipment 
necessary to make the test, clean the lines, and perform all work incidental thereto. The 
Contractor shall perform the tests under the direction and in the presence of the Engineer. 
Precautions shall be taken to prevent joints from drawing during tests, and any damage 
resulting from these tests shall be repaired by the Contractor at no expense to the 
Contr~ting Agency. The manner and time of testing shall be subject to approval by the 
Engineer. 

All wyes, tees, and stubs shall be plugged with flexible jointed caps, or acceptable 
alternate, securely fastened to withstand the internal test pressure. Such plugs or caps 
shall be readily removable, and their removal shall provide a socket suitable for making a 
flexible jointed lateral connection or extension. 

If the Contractor elects to test large diameter pipe one joint at a time, leakage 
allowances shall be converted from GPM per 100 feet to GPM per joint by dividing by 
the nwnber of joints occurring in 100 feet. If leakage exceeds the allowable amount, 
corrective measures shall be taken and the line then retested to the satisfaction of the 
Engineer. 

Testing side sanitary sewers shall be for their entire length from the public sewer in 
the street to the connection with the building ' s plwnbing. Their testing shall be as 
required by the local sanitary agency but in no case shall it be less thorough than that of 
filling the pipe with water before backfilling and visually inspecting the exterior for 
leakage. The decision of the Engineer as to acceptance of the side sanitary sewer shall be 
final. 

If any sewer installation fails to meet the requirements of the test method used. the 
Contractor shall determine, at no expense to the Contracting Agency, the source or 
sources of leakage and shall repair or replace all defective materials or workmanship al 

no expense to the Contracting Agency. The complete pipe installation shall meet the 
requirements of the test method used before being considered acceptable. 

7-17.3(4)B Exflltration Test 

Prior to making ex.filtration leakage tests, the Contractor may fill the pipe with clear 
water to pennit normal absorption into the pipe walls provided, however, that after so 
filling th~ pipe he shall complete the lealcage test within twenty-four hours after filling. 
When under test, the allowable leakage shall be limited according to the provisions that 
follow. Specified allowances assume pre-wetted pipe. 

Leakage shall be no more than 0.28 gph per inch diameter per 100 feet of sewer, 
with a hydrostatic head of 6 feet above the crown at the upper end of the test section, or 
above the natural ground water table at the time of test. whichever is higher. The length 
of pipe tested shall be limited so that the pressure at the lower end of the Section tested 
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SANITARY SEWERS 7-17 

does not exceed 16 feet of head above the invert. and in no case shall be greater than 
700 feet or the distance between manholes when greater than 700 feet. 

Where the test head is other than 6 feet, the measured leakage shall not exceed 
0.28 gph per inch diameter per 100 feet times the ratio of the square root of the test head 
to the square root of 6. 

Leakagemaximwn =0.28x fJl =0.114 ✓Hgph/inch/100/feet 
When the test is to be made one joint at a time. the leakage per joint shall not exceed 

the computed allowable leakage per length of pipe. 

7-17.3(4)C Infiltration Test 

Infiltration test leakage shall not exceed 0.16 gph per inch diameter per 100 feet, 
when the natural grom1d water head over the pipe is 2 feet or less above the crown of the 
pipe at the upper end of the test section. The length of pipe tested shall not exceed 
700 feet or the distance between manholes when greater than 700 feet. 

Where the natural ground water head is more than 2 feet, the measured leakage shall 
not exceed 0.16 gph per inch diameter per 100 feet times the ratio of the square root of 
the natural grom1d water head to the square root of 2. 

Leakage maximum =0.16x ""!fl =0.114 ✓Hgph/inch/100/feet 
When a suitable head of ground water e:rists above the crown of the pipe and when 

the pipe is large enough to work inside, acceptance may be based on the repair of visible 
leakage by means satisfactory to the Engineer. 

7-17.3(4)0 Air Pressure Test for Sanitary Sewers Constructed of Air-Permeable 
Materials 

1. Pipelines may be tested with low pressure air by the pressure drop method, in 
lieu of water infiltration or exfiltration. The pressure drop shall be from 3 ½ to 

2½ psig greater than the average back pressure of ground water above the 
centerline of the pipe. At the Contractor's option. pipe may be tested without 
pre-wetting; however, the test allowances herein assume pre-wetted pipe. 

2. The allowable rate of air loss shall be .003 cfrn per square foot of internal pipe 
surf ace, but the total calculated air loss shall be not less than 2 cfrn nor more 
than 3.50 cfrn. In the event that the Contractor should elect to test air-permeable 
pipe without pre-wetting, during dry pipe and dry ground conditions, alternate 
air loss allowances may be substituted as may be approved by the Engineer, 
provided it can be demonstrated that the alternate criteria correlates with the 
standard criteria for wetted pipe. 

3. The test equipment to be used shall be furnished by the Contractor and shall be 
inspected and approved by the Engineer prior to use. The Engineer may at any 
time require a calibration test of gauges or other instrumentation that is 
incorporated in the test equipmenL 

4. Safety Provisions. Plugs used to close the sewer pipe for the air test must be 
securely braced to prevent the \D'lllltentional release of a plug which can become 
a high velocity projectile. Gauges, air piping manifolds, and valves shall be 
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7-17 SANTI' ARY SEWERS 

located at the top of the ground. No one shall be pennitted to enter a manhole 
where a plugged pipe is under pressure. (Four psig air pressure develops a force 
against the plug in a 12-inch diameter pipe of approximately 450 pounds) Air 
testing appararus shall be equipped with a pressure release device such as a 
rupture disk or a pressure relief valve designed to relieve pressure in the pipe 
under test at 6 psi. 

5. Pipe under 36 inches in diameter may be tested from manhole to manhole or 
such shoner lengths determined by the Contractor. Pipe 36 inches in diameter 
and over shall be tested one joint at a time. Each joint must show no 
appreciable loss of pressure when held for 30 seconds. 

7-17.3(4)E Air Pressure Test for Sanitary Sewers Constructed or Non 
Air-Permeable Materials 

When non air-permeable pipelines are subjected to the low pressure air test. all of 
the provisions of Section 7-17.3(4)0 shall apply except that the pressure drop shall be 
from 3.5 to 3.0 psig greater than the average back pressure above the center of the pipe, 
and the minimum time shall be twice that computed as specified under 
Section 7-173(4)0. 

7-17.3(4)F Other Test Allowances 

All lateral or side sewer branches included in the test Section shall be taken into 
account in computing allowable leakage. An allowance of 0.2 gallons per hour per foot of 
head above inven shall be made for each manhole included in a test section. 

Upon final acceptance of the work all sewers, side sewers and fittings shall be open, 
clean. and free draining. 

7-17.3(4)G Plugging Existing Sewer Pipe 

Where shown in the Plans or where designated by the Engineer, existing sewer pipes 
shall be plugged on the inlet end with Class 3000 concrete. Care shall be used in placing 
the concrete in the sewer to see that the opening of the pipe is completely filled and 
.thoroughly plugged. 

7-17.3(4)H Deflection Test for Flexible Pipe 

Sanitary sewers constructed of flexible pipe shall be tested for deflection not less 
than 30 days after the trench backfill and compaction has been completed. The test shall 
be conducted by pulling a properly sized "go-nogo" mandrel through the completed 
pipeline. Testing shall be conducted on a manhole-to-manhole basis and shall be done 
after the line has been completely flushed out with water. 

The mandrel shall be a rigid. nonadjustable mandrel having an effective length of 
not less than its normal diameter and an odd-rwmber of legs (9 legs minimum). Minimum 
diameter at any point along the full length of the mandrel shall be 95 percent of the base 
inside diameter of the pipe being tested. 

Base inside diameter is derived by subtracting a statistical tolerance package from 
the average inside diameter. The tolerance package is defined as the square root of the 
sum of squared manufacturing tolerances. The tolerance package for controlled outside 
diameter pipe consists of (1) outside diameter tolerance specified in applicable ASTM 
Standard, (2) 12 percent of one wall thickness specified in applicable ASTM Standard, 
and (3) out of rolUldness tolerance listed in appendix of applicable ASTM Standard. The 
items in the tolerance package for controlled inside diameter pipe consists of (1) inside 
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SANITARY SEWERS 7-17 

diameter tolerance listed in appendix of applicable ASTM Standard and (2) out of 
roundness tolerance listed in appendix of applicable ASTM Standard. When out of 
roundness tolerance is not listed. use 3 percent of average inside diameter. 

The average inside diameter for pipe with controlled outside diameter shall be equal 
to the average outside diameter as specified in applicable ASTM Standard minus two 
minimum wall thicknesses as specified in applicable ASTM Standard and minus two 
times excess wall tolerance of 6 percent The average inside diameter for pipes with 
controlled inside diameter shall be the average inside diameter as specified in applicable 
ASTM Standard. 

The Contractor shall be required. at no ex~e to the Contracting Agency, to locate 
and uncover any sections failing to pass the test and. if not damaged, reinstall the pipe. 
The use of a vibratory re-rounding device or any process other than removal or 
reinstallation shall not be acceptable. The Contractor shall retest the section after 
replacement of the pipe. 

Pipe large enough to work inside of may be accepted on the basis of direct 
measurement 

7-17.3(4)1 Television Inspection 
The Engineer may require any or all sanitary sewer lines be inspected by the use of a 

television camera before final acceptance. The costs incurred in making the initial 
inspection shall be borne by the owner of the sanitary sewer. 

The Contractor shall bear all costs incurred in correcting any deficiencies found 
during television inspection including the cost of any additional television inspection that 
may be required by the Engineer to verify the correction of said deficiency. 

The Contractor shall be responsible for all costs incurred in any television inspection 
performed solely for the benefit of the Contractor. 

7-17.4 Measurement 
The length of sewer pipe will be the number of linear feet of completed installation 

measured along the invert and will include the length through elbows, tees and fittings. 
The number of linear feet will be measured from the center of manhole to center of 
manhole or to the inside face of catch basins and similar type structures. 

The concrete Class 3000 for plugging existing sewer pipes will be measured by the 
cubic yards as specified in Section 7-02.4. 

The length of testing sewer pipe in conformance with Section 7-17 3( 4) will be the 
number of linear feet of completed installation acrually tested. 

Excavation of the sewer trench will be measured the same as structure excavation 
Class B, by the cubic yard. as specified in Section 2-09. 

Shoring or extra excavation trench, will be measured as specified in 
Section 2-09.4 for shoring or extra excavation Class B. 

Measurement of "Bank Run Gravel for Trench Backfill Sewer" will be determined 
by the cubic yard in place, measured by the neat line dimensions shown in the Plans. 

7-17.S Payment 
Payment will be made in accordance with Section 1-04.1, for each of the following 

bid items that arc included in the proposal: 
1. ..Plain Cone. or V.C. Sewer Pipe __ In. Diam.", per linear fooL 
2. "Cl. __ Reinf. Cone. Sewe:r Pipe __ In. Diam.", per linear foot 
3. "PVC Sewe:r Pipe __ In. Diam.", per linear foot 
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7-17 SANITARY SEWERS 

4. "Ductile Iron Sewer Pipe _ _ In. Diam.", per linear fooL 
5. "ABS Composite Sewer Pipe _ _ In. Diam.", per linear foot. 
The unit contract price per linear foot for sewer pipe of the kind and size specified 

shall be full pay for furnishing, hauling, and assembling in place the completed 
installation including all wyes, tees, special fittings, joint materials, and adjustment of 
inverts to manholes for the completion of the installation to the required lines and grades. 

6. ''Testing Sewer Pipe", per linear fooL 
The unit contract price per linear foot for '"Testing Sewer Pipe" shall be full pay for 

all labor, material and equipment required to conduct the leakage tests required in 
Section 7-173(4). 

7. ''Trench Excavation", per cubic yard. 
The unit contract price per cubic yard for ''Trench Excavation" shall be full pay for 

all excavation. removal of water, back.filling, and all other work necessary to the 
construction of the sewer trench. No separate payment will be ma.de for protection of 
existing utilities and services. These items shall be considered as incidental to the work of 
''Trench Excavation" and all costs thereof shall be included in the payment for ''Trench 
Excavation." 

8. "Removal and Replacement of Unsuitable Material", per cubic yard. 
The unit contract price per cubic yard for "Removal and Replacement of Unsuitable 

Material" shall be full pay for all work to remove unsuitable material and replace and 
compact suitable material as specified in Section 7-17.3(1)A. 

9. ''Bank Run Gravel for Trench Backfill Sewer", per cubic yard. 
The unit contract price per cubic yard for "Banlc Run Gravel for Trench Backfill 

Sewer" shall be full pay for all work to furnish, place, and compact marerial in the trench. 
10. "Cone. Class 3000", per cubic yard. 
The unit contract price per cubic yard for ''Cone. Class 3000" shall be full pay for all 

work required to plug existing sewer pipes. 
11. "Shoring or Extra Excavation Trench", per square foot. 
The unit contract price per square foot for "Shoring or Extra Excavation Trench" 

shall be full pay for the work as specified in Section 2-09.5 for shoring or extra 
excavation Class B. 
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8-01 EROSION CONTROL 

8-01.3(10) Inspection 

Inspection of any area will be made upon completion of seeding, fertilizing, or 
mulching. The work in any area will not be measured for payment until a tmiform 
distnbution of the materials is accomplished at the specified rate. Areas not receiving a 
wtlforrn application of seed. fertilizer, or mulch at the specified rate, as determined by the 
Engineer, shall be reseeded, refcnilized, or rcmulched at the Contractor's expense prior to 
payment 

8-01.3(11) Mowing 

When the iroposal contains the bid item ••Mowing" or mowing areas are defined. the 
Contractor shall mow all grass growing areas and slopes 2½ to 1 or flatter except for 
naturally wooded and undergrowth areas. Trimming around traffic facilities, structures, 
plancing areas, or other features extending above grolD'ld shall be accomplished preceding 
or simultaneously with each mowing by usc of power-driven or land-operated machinery 
and tools to achieve a neat and lmiforrn appearance. 

Each mowing shall be considered as one coverage of all grass areas to be mowed 
within a defined area. Prospective bidders shall verify the estimated acreage for mowing 
as shown in the Plans, the topography, irregularity of the area, slopes involved, and 
access limitations to determine the appropriate equipment to use. Equipment and tools 
shall be provided such as, but not limited to, tractor-operated rotary or flail-type grass 
cutting machines and tools or other approved equipmenL Power driven equipment shall 
not cause ruts or deformation of improved areas. Sickle type grass cutters will be 
permitted only on slopes of drain.age ditches, berms, or other rough areas. The equipment 
and tools shall be in good repair al all times and maintained so that a clean. sharp cut of 
the grass will result al al.I times. The actual mnnbe.r of mowings will be as determined by 
the Engineer. The height of mowing will be 4 to 6 inches or as designated in the Plans or 
in the Special Provisions. 

Mowing equipment shall be operated in such a manner and equipped with suitable 
guards as to avoid throwing rocks or debris onto the traveled way or off the right of way. 
Equipment which pulls or rips the grass or damages the turf in any manner will not be 
permitted. The Engineer will be the sole judge of the adequacy of the equipment. 
safeguards, and methods of use. 1be Contractor will not be required to collect or remove 
clippings from the project except on the traveled way, shoulder, walkway, or other 
improved areas. 

8--01.4 Measurement 
Measurement for topsoil. Type A, Type B, and Type C, will be by the cubic yard in 

the haul conveyance at the point of delivery. 
The quantity of excavation taken from roadway excavation. borrow, strippings, or 

other excavation item to be utilized as topsoil Type B will not be deducted from the pay 
quantities· of the respective items. H haul is to be paid on the excavated item from which 
topsoil Type B material is taken. no deduction will be made in the mass diagram for the 
quantity so taken. The topsoil Type B material will be considered as having been hauled 
into the general distribution of the excavated rnalerial 

The area of seeding. fertilizing. liming. mulching, and soil binder or tacking agent to 
be paid for will be by gro\Dld slope measurement in acres of actual seeding, fertilizing, 
liming, mulching, and applying soil binder or tacking agent completed and accepted in 
accordance with these Specifications and as shown in the Plans. 

Page 8-6 
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APPENDIX D 

CONCRETE REPAIR PRODUCTS 



CONCRESIVE® 2070 

L VP Acrylic Crack Filler 

DESCRIPTION: 
A low vapor pressure (LVP), low viscosity, high 
molecular weight (HMWM), acrylic monomer designed 
primarily to reconsolidate, fill and seal cracked 
concrete substrates. 

RECOMMENDED FOR: 
• Gravity filling of cracks on bridge and parking garage 
decks. 

FEA TU RES/8 EN EFITS: 
• Ultra low viscosity 
• Superior penetration in topical applications 

ESTIMATING: 
Concresive~ 2070 is packaged in 5 and 50 U.S. gallon 
(19 and 189 liter) units. 
Coverage Rates• 100 to 150 ft2/gallon (2.5 to 3.7 m2/ 

liter) depending on the volume of cracks and the 
porosity of the concrete. 

MATERIAL PROPERTIES1
: 

Form Ultra low viscosity liquid 

Color Clear light amber 

Pot Life, 100 g mass 45 min 

Thin Film Cure Time, hr 
Bulk 1-2 hrs 
Surface 5-7 hrs 

Viscosity, cps (ASTM D 2393) 

Density, lb/gal (ASTM D 1475) 

Vapor Pressure, mm/Hg (ASTM D 323) 

Flash Point (ASTM D 3278) 

Volatile Content (ASTM D 3269) 

Tg (DSC Onset) (ASTM D 3418) 

Bond Strength to Concrete 
(ASTM C 882) 

18 

8.9 

<1 

>200°F 
(>93°C) 

25% 

90°F 
(32°C) 

>1 ,500psi 
>10.3MPa 

APPLICATION: 
Surface Preparation Procedures 
Concrete surfaces to which the CONCRESIVE 2070 is 
to be applied must be dry and free of dust. dirt, oil, 
wax, curing compounds, efflorescence, laitance and all 
other bond breaking materials. The recommended 
method of preparation is shot or grit blasting. 

Mixing 
Conversion of the CONCRESIVE 2070 from the liquid 
to the solid state requires the use of a promoter/initiator 
system. The cobalt naphthenate promoter and the 
cumene hydroperoxide initiator are packaged in pre­
measured kits which accompany each unit of product 
shipped. When mixing CONCRESIVE 2070 in less 
than full unit batches, use the formula provided below 
to determine the correct volume of promoter and 
initiator required for the batch size selected. 

The mixing sequence is as follows: 

1. Add cobalt naphthenate to the CONCRESIVE 
2070 monomer and mix thoroughly. 

2. Add cumene hydroperoxide to the blend prepared 
in Step 1. Mix thoroughly. 

WARNING. NEVER MIX COBALT NAPHTHENATE 
WITH CUMENE HYDROPEROXIDE. BOTH PROD­
UCTS TOGETHER WILL REACT EXPLOSIVELY. 

Small batches of CONCRESIVE 2070 may be mea­
sured and mixed by volume. The recommended 
formula is: 

Batch 
Size 
1 gallon 
5 gallons 

Cobalt 
Naphthenate 
40 ml 
200 ml 

Cumene 
Hydroperoxlde 
160 ml 
800 ml 

Instructions for measuring cobalt naphthenate and 
cumene hydroperoxide: 

1. Using a 400 ml polypropylene beaker, measure 
the required amount of cobalt naphthenate promoter 
as shown in the table above. Add the cobalt 
naphthenate to the CONCRESIVE 2070 monomer 
and mix thoroughly. 
2. To preclude a violent reaction. the 400 ml beaker 
used to measure the cumene hydroperoxide must 
be completely free of any cobalt residue. Measure 
the required amount of cumene hydroperoxide as 
shown in the table above, and add this to the 
promoted CONCRESIVE 2070. Mix thoroughly. 

'The properties listed on this data sheet are typical and 
descriptive. Test and cure temperature of 77°F (25°C). 

111111 
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Large batch sizes of CONCRESIVE 2070 are more conven­
iently proportioned by weight. The recommended formula is: 

Parts by Weight 
CONCRESIVE 2070 • 100.0 
Cobalt naphthenate promoter · 1.0 
Cumene hydroperoxide initiator · 4.0 

Placing 
Begin application within 1 0 minutes following addition of the 
cumene hydroperoxide. Flood the area to be treated with 
promoted and initiated CONCRESIVE 2070 at a rate of 100-
150 ft2/gal (2.5 to 3.7 m2/liter). Allow the material to penetrate 
for approximately 10 minutes. Remove or redistribute excess 
material with brooms or squeegees. Broadcast dry, bagged 
#12 mesh sand onto the treated surface at a rate of 0.25 · 
0.30 lb/yd2

• Allow the material to reach a tack free degree of 
cure before opening to traffic. 

CLEAN UP: 
Clean mixing equipment and application tools as soon and as 
often as practical with a suitable solvent such as acetone or 
MEK (both flammable), or 1, 1. 1, trichloroethane or 
methylene chloride (both non-flammable). 

LIMITATIONS: 
• Application Temperature Range (substrate) 50°F to 

120°F (10°c to 49°C). 

• Minimum Cure Temperature 50°F (10°C). 

(The polymerization of high molecular weight monomers is 
subject to oxygen inhibition, i.e., material exposed to air is 
slow to cure. Material applied in a film thickness of approxi­
mately 5 mils or less is extremely susceptible to this phenom­
enon. In the absence of elevated substrate temperatures and/ 
or direct sunlight.thin films m·ay require in excess of 72 hours 
to become tack free. Consequently, applications of this 
product on cool substrates, at night or in shaded areas should 
be undertaken only after careful consideration of temperature 
and sunlight factors, and probable time required to overcome 
the oxygen inhibition effect. Do not open treated areas to 
traffic until the surface is tack-free.) 

• Shelf life of CONCRESIVE 2070 is 18 months in original, 
unopened container. The container must not be exposed 
to direct sunlight. Maximum storage temperature is 
80°(27°C). 

SAFETY: 
Any hazard associated with the use of this product can be 
significantly reduced by observing all precautions which are 
found on the product data sheet. Material Safety Data 
Sheets (MSDS) and product labels. Please read this 
literature carefully before using this product. 

This product may be irritating to the skin and eyes and may 
have lacrimatory (tear causing) effects. Use of barrier 
creams, protective clothing, solvent resistant gloves and 
boots and eye goggles is recommended. Concentrated 
vapors may cause dizziness and/or nausea. Provide 
adequate ventilation in indoor or confined outdoor areas. 

NIOSH (National Institute of Occupational Safety and 
Health) recently reported observations of some adverse 
effects to workers exposed to air levels of cobalt at or 
below the current permissible OSHA limit. However, the 
trace amount of cobalt salt present in the promoted product 
is not expected to be a concern. 

Health and safety materials and equipment appropriate to 
the application of CONCRESIVE 2070 should be available 
prior to use of this product. 

For additional information, contact your local Master 
Builders representative. 

Flammabll!ty 
CONCRESIVE 2070 contains an acrylic monomer which is 

combustible (flash point [SFCC) > 200°F} and considered 
to have low flammability under normal ambient conditions. 

WARRANTY: 
Master Builders stands behind its products when used by 
competent persons in accordance with current, published 
recommendations but cannot be held responsible for 
difficulty caused by other materials or conditions or by 
inferior workmanship. Master Builders reserves the right to 
have the true cause of any difficulty determined by ac­
cepted test methods. 

111111 
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Renderoc S02 

Polymer modified cementltlous repair compound 

for repairs over 1/ 8 " thick 

USES 
Renderoc S02 is designed specifically for deep horizontal repairs 
and the resurfacing of concrete where the depth of repair is greater 
than 1/8 inch. It is for use on bridges, walkways, parking structures 

and industrial applications. 

ADVANTAGES 
■ Thermal compatibility - coefficient of thermal expansion similar to 

normal concrete 

■ Shrinkage-compensated 

■ Designed for resurfacing of large areas 

■ High build - may be used at thicknesses to 2 inches without 
additional aggregate, or over 2 inches with addition of aggregate. 

■ High structural strength - achieves 6,500 to 7,000 psi @ 28 days. 

■ High bond strength - polymer modification ensures excellent 

adhesion. 
■ Waterproof - special additives ensure optimum density and water 

repellency to cured surface. 

■ Freeze-thaw resistant - reduced permeability results in increased 

freeze-thaw resistance. 

DESCRIPTION 
Renderoc S02 is a two-component polymer modified cementitious 
patching compound. It was designed specifically for resurfacing and 
leveling concrete surfaces where the repair is greater than 1/8 inch in 
thickness. It contains shrinkage compensating additives which allow 
it to be used at thicknesses to 2 inches without the addition of 
aggregate. For greater thicknesses, the addition of aggregate is 
recommended. Incorporation of the Renderoc Liquid ensures that 
Renderoc SD2 will be more waterproof, freeze-thaw resistant and 
provide better adhesion than standard portland cement mortars. Its 

coefficient of thermal expansion is similar to that of normal concrete. 

Technical support 
Foaroc offers a comprehensive range of high performance, high 
quality construction products. In addition, Foaroc offers a technical 
support service to specifiers and contractors, as well as on-site 
assistance in locations worldwide. In the US, dial 

1-800-645-3954. 

Deelgn criteria 
Renderoc S02 may be applied in thicknesses ranging from 1/8 Inch 
to 2 inches. For greater thicknesses, the addition of aggregate Is 
recommended. With allowance for control and expansion joints, 
Renderoc S02 may be placed over large surface areas. 

(formerly Renderoc SD) 

PROPERTIES 
Compressive Strength, psi 

ASTM C-109 

Flexural Strength, psi 

ASTM C-348 

Slant Sheer Bond, psi 

AASHTO T-237 

Water Absorption, %Absorbed 

ASTM C-140 

Water Vapor Transmission 

Rate, Perms. ASTM E-96 

Water Repellency After 

35 Freeze-thaw cycles 

ASTM C-67 

Freeze Thaw resistance, 

% weight change 

NYS DOT 216@ 50 cycles 

Density. lbs./cu. ft. 

Coefficient of thermal 

Expansion, per •c 

Setting time, hrs 

Expansion 

ASTM C-157 

Pot life approximately 45 minutes. 

3,000@ 1 day 
7,000@ 28 days 

1,500 

1,400 

0.9ct 

No change in 
Water absorption 

137 
7.3x10·6 

(Compatible with 

concrete) 

2-4 

0.000 

A. Water absorption for conventional mor1ar ls 6-8%. 
B. Water vapor transmission rate for conventional mor1ar is 20-30 

perms. 
C. Conventional mortar has weight loss of 10-20%. 
All application and performance values are typical for the material but 
may vary because of variations in test methods, conditions. 

configurations. 

APPLICATION INSTRUCTIONS 

Surface preparation 
Concrete substrate must be structurally sound. Loose or unsound 
concrete should be hammered out. Clean the surface by removing 
any dust, unsound or contaminated material, plaster, oil, paint, 
grease, corrosion deposits or atgae. Where breaking out is not 
required, roughen the surface and remove any laitance by light 
scabbling or sandblasting. 
Oil and grease deposits should be removed by steam cleaning, 
detergent scrubbing or the use of a degreaser. To ensure optimum 
repair results, the effectiveness of decontamination should be 
assessed by a pull-off test. 
Expose fully any corroded steel in the repair area to 100% of its 
circumference and remove all loose scale or corrosion deposits. Steel 
should be cleaned to a bright condition paying particular attention to 
the back of exposed steel bars. Sandblasting is recommended for 
this process. 



Where corrosion has occurred due to the presence of chlorides. the 
steel should be high-pressure washed with clean water immediately 
after sandblasting to remove corrosion deposits from pits and 
imperfections in the steel surface. 

Priming of reinforcing •t••I 
Apply one full coat of Nltoprime Zincrich and allow to dry before 
continuing. II any doubt exists about having achieved an unbroken 
coating, a second application should be made and, again, allowed to 
dry before continuing. 

Priming of aubatrate 
The substrate should be saturated surface dry (550 = thoroughly 
soaked with clean water and any excess removed). All surfaces 
should be primed with a slurry consisting of 2 parts by volume of 
Renderoc SD2 powder mixed into 1 part by volume of Renderoc 
Liquid. Using a stiff mason's brush, the slurry should be scrubbed 
into the substrate and the repair mortar should be Installed as soon 
as the slurry becomes tacky and before i t drres. 
In exceptional circumstances, e.g. where a substrate/repair barrier ts 
required or where the substrate is wet or likely to remain permanently 
damp. Nitobond Epoxy Gel 400 bonding compound should be used 
in place of the cementitious slurry. Contact your local Fosroc ottrce 
for further information. 

Mixing 
Care should be taken to ensure that Renderoc SD2 is thoroughly 
mixed. A forced action mixer is essential. Mixing in a suitably sized 
drum using an approved spiral paddle and a slow speed 
(400·500 rpm) heavy duty drill is acceptable for the occasional 
one-bag mbc Free-fall mixers should not be used and mixing of 
partial bags should not be attempted. The material should always be 

mixed in a clean container. 
For normal applications. place 3/4 of a gallon jug (2.84 lrters) of 
Renderoc Liquid into the clean mixer. and with the machine in 
operation, add 1 complete 55 pound (25 kg) bag of Renderoc SD2 
and mix for 3 minutes until fully homogeneous. Avoid over mixing. 

Note that the powder should always to added to the liquid. 
Dependent on the ambient temperature and the desired consistency, 
additional Renderoc Liquid may be added up to a maximum liquid 
content of 1 gallon (3.79 liters) per 55 pounds (25 kg) bag of 

Renderoc SDZ. 

Applica tion 
Exposed steel reinforcing bars should be firmly secured to avoid 
movement during the application process as this will effect mortar 
compaction. build and bond. While the slurry is still damp, apply 
Renderoc SD2 by trowel or screed. When applying mortar to the 

· substrate. ensure good compaction of the mortar into the slurry by 
tamping or trowelling on both horizontal and vertical surfaces. This 
may be more consistently achieved by compacting a layer of material 
into the repair area before completely filling the void. 
For areas in excess of 2 inches In thickness, 14 lbs. of 3/B· pea 
gravel per bag (25% ex1ension) must be added. In areas over 4 

inches in thickness. ;:s lbs. of 3.s· pea gravel per bag (50% 
ex1ension) must be added. The addition of aggregate may require 
additional Renderoc Liquid. 

Low tempe rature condition• 
In cold applications down to 45°F (7°C), maintaining the Renderoc 
Liquid at 80°F (26°C) Is advisable to accelerate strength 
development. Normal precautions for winter working with 
cementitious materials should then be adopted. The material should 
not be applied when the substrate and/or air temperature is 45°F 
(7°C) and falling. At 45"F (7°C) static temperature or at 45°F (7°C) and 
rising, the application may proceed. Do not apply ii the temperature is 
expected to fall below 45°F (7°C) within 24 hours of application. 

High tempera ture condition• 
At ambient temperatures above ao•F (26°C). the materials should be 
stored in the shade. It Is also advisable to keep mixing and 
application equipment cool. Shade the work area or carry out 
application during non-sunlight hours after the substrate has cooled 
Mix material for a minimum period of time. enough to ensure good • 
dispersion of the powder component in the liquid (approximately 2-3 
minutes). Overmixing may cause excessive air entrapment. Take extra 
precaution to ensure that the slurry does not dry out prror to 
placement of the repair mortar. 
Immediately upon finishing. spray a thin layer of Renderoc Liquid 
over the repaired surface. Immediately cover with Burlene. The burlap 
side should be water saturated. The Burlene should be applred with 
the plastic side toward the patch. Ensure that all edges of Burlene are 
firmly hc,ld down to avoid air movement between the Burlene plastic 
and the surface of the repair. 
Leave the Burlene in place for a minimum of 5 days. Durrng this 
period, wetting of the burlap will help to keep the repair cool. Any 
movement of the repaired area should be avoided during this period. 

Flnl■hlng 

When desired thickness is achieved, finish smooth with a wood or 
sponge float. A broom can be used for a rough finish. An extra tight, 
smooth surface can be achieved by wetting the surface slightly using 
a steel trowel. However, this may cause a variation in color. 

Curing 
Renderoc SO2 is a cement-based repair mortar. Proper curing is 
extremely important and Renderoc SD2 should be cured 
immediately after finishing in accordance with good concrete practice 
(ACI 308) to approach peak performance of the repair. Proper curing 
is of particular importance when ambient conditions may cause raprd 
moisture loss (high temperature. low humidity. or moderate to high 
winds). The use of Nitobond Acrylic. sprayed on to the surface of the 
finished repair in a continuous film, is recommended. Large areas of 
greater than 5 sq. ft. (0.47 sq. m), should be cured as !rowelling 
progresses without waiting for completion of the entire area. Other 
curing options include a fine mist of water. application of wet burlap 
(burlap must be kept continuously moist); application of polyethylene 
sheeting taped down at the edges: or a combination of the above to 
keep the finished repair moist for a minimum of 7 days. In cold 
conditions. the finished repair must be protected from freezing. II 
doubts arise concerning proper curing procedures. consult the local 
Foaroc office. 



Clean-up 
Renderoc SD2 should be removed from tools, equipment and mixers 
with clean water immediately after use. Cured material can only be 
removed mechanically. 
Equipment used for application of Nitoprime Zincrich and Nitobond 
Epoxy Gel 400 should be cleaned with Fosroc Solvent 102. 
Clean hands and skin immediately with soap and water or industrial 
hand cleaner. Do not use solvents. 

LIMITATIONS 
Renderoc S02 should not be used when the temperature is below 
45°F (7°C) and falling. Do not mix partial bags. Renderoc S02 should 
not be exposed to rain or moving water during application. If any 
doubts arise concerning temperature or substrate conditions, consult 
the local Fosroc office. 

• Eatlmatlng 

Supply 
Renderoc SO2 

Nitoprime Zincrich 
Nitobond 
Epoxy Gel 400 

Coverage and yield 
Renderoc SD2 

Nitoprime Zincrich 

Nitobond 

No. 1 Kit = 55 lbs powder, 1 gal liquid 
No. 2 Kit = 275 lbs powder, 5 gal liquid 
1 gallon, 1 quart, 1 pint cans 

2 gallon kit 

No. 1 Kit yields 0.5 cubic feet 
No. 2 Kit yields 2.5 cubic feet 
268 square feet/gallon 
67 square feet/quart 
32 square feet/pint 

Epoxy Gel 400 100 square feet/gallon 
Note: The actual yield per bag of Renderoc SD2 will depend on the 
consistency used. The coverage figures for liquid products are 
theoretical. Due to waste factors and the variety and nature of 
possible substrates, practical coverage figures will be reduced. 

Storage 
All products have a shelf life of 12 months if kept in recommended 
storage conditions in the original, unopened containers with the 
exception of Nitoprime Zlncrich, which has a shelf life of 3 months. 

Storage condition■ 
Store in cool, dry conditions in the original, unopened bags or cans. If 
stored at high temperatures and/or high humidity conditions, the shelf 
life may be reduced to 4 to 6 months. Renderoc Liquid should be 
protected from freezing. 

Health and aafety 
Avoid breathing dust and avoid contact with skin. Rubber gloves 
and/or barrier creams, protective clothing and goggles should be 
worn. Provide sufficient mechanical and/or local exhaust ventilation t 
maintain a low level of dust exposure. If ventilation is not provided. a 
NIOSH/MESA respirator should be wom. 

F1aah point• 
Flash point above 200'F. 

Dla poaal 
In case of spillage, absorb liquid and clean up powder by use of 
dustless method and dispose of in accordance with applicable local 
state and federal regulations. 

Special precaution■ 
Since emptied containers retain product residues (vapor, liquid. 
and/or solid), extreme caution should still be exercised in their 
handling. 
For industrial use only. 
Keep out of reach of children. 
Not for internal consumption. 
Prior to use, consult MSDS and read warning noted on product 
package for more information. 

Additional Information 
Foaroc manufactures a wide range of products specifically designe< 
for the repair and restoration of damaged reinforced concrete. This 
Includes hand-placed and spray-applied repair mortars. fluid 
micro-concretes, chemical resistant epoxy mortars. and a 
comprehensive system of protective coatings. In addition, a wide 
range of complimentary products is available. including joint sealant: 
waterproofing membranes, concrete stains, grouts, flooring 
specialties and materials for repair and protection of concrete in 
water/wastewater treatment. There are also specific Fosroc Divisior, 
addressing the Precast Concrete and Mining industries. 
Several educational training videos and technical papers are 
available, which provide more detail about the mechanisms which 
cause corrosion within reinforced concrete structures and the 
solutions which are available to arrest or retard these destructive 
forces. Further Information ls available from the publication ·concre; 
Repair and Protection --The Systematic Approach", available in 
seven language formats. 
For further information about products, educational seminars, trainin 
videos or publications, contact the local Fosroc office. 



Foaroc Inc. 

55 Skyline Drive 
P1alnv1ew. NY 11803 
Tel 800-645-3954 
Fax 516-935-6132 

665 North County Road 101 
Woodland. CA 95776 
Toll Free: 800-441-3633 
Tel 916-666-3633 
Fax 916-666-2439 
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WARRANTY 
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Nitoseal 230 

A coal-tar modified polyurethane sealant, 

caulking and expansion joint compound 

USES 
For sealing horizontal movement joints in building and civi l 

engineering construction above or below ground. For 
highways, bridges, airport runways, driveways, subways, and 

sewage treatment plants. Suitable for areas subject to fuel 

and chemical spillage. 

ADVANTAGES 

■ Excellent elastomeric and recovery properties 

■ Prolonged life due to high weathering resistance 

■ Good resistance to chemicals and hydrocarbon fuels 

■ Wide range of operating temperatures 

DESCRIPTION 
Nitoseal 230 is a two-component coal-tar modified 

polyurethane sealant specifically designed tor sealing exterior 

horizontal joints. lt is applied as a black, flowable sealant 

which cures to an elastom~ric, water-tight compound. 

Joint Design 
The width of the joint should be 5 t imes the expected 

movement. For joints in concrete that are 1/2" or less in 

width, Nitoseal 230 should be poured 1/2" deep. In all other 

joints, the depth of the sealant should be 50% of the width. (It 

must never exceed 100% of the width). 

Joint Backing 
A closed cell polyethylene should be used to fill and control 

depth of joint as required. It should be slightly larger than the 

width of the joint to insure optimum performance. and must 
be installed after priming. It also functions as a bond breaker 

not allowing adhesion to the bottom of the joint. If it is not 

used, a polyethylene film should be placed between the 

sealant and the bottom of the joint. 

APPLICATION INSTRUCTIONS 

Applloatlon 
Surfaces should be clean, dry, and free from oil, dirt, grease. 

rust. laitance, etc. The base and catalyst must be completely 
mixed mechanically (slow speed drill, 80 to 100 rpms. with 

slotted paddle). Once mixed, it can be poured in horizontal 

joints. Solvents such as lacquer thinner, toluene, ketones. or 

Fosroc Solvent 102 can be used to c lean equipment, before 

material has cured. 

Priming 
For optimum results. all surfaces to be sealed should be 

primed with Nitoseal 230 Primer, a clear. two component 

epoxy. 

Color 
Black 

PHYSICAL PROPERTIES 
Hardness. Shore A 25-35 

Tensile Strength. psi 60-80 

Ultimate Elongation, % 250-400 

Modulus (100% Elongation).psi 15-20 

Recovery after 100% 

Elongation, % 85-90 

Pot Life @75°F, min. 45 

Application Temperature Range +40°F to 100°F 

Serviceable Temperature Range -40°F to 200°F 

Temperature Resistance Continuous 180°F 

Non-Continuous 200°F 

Tack Free Time, Hrs. 14-18 

Ultimate Cure. Days 5 



r ------------------------------------------------
CHEMICAL RESISTANCE 

Nitoseal 230 has excellent resistance to intermittent attack 

from the following compounds: 

Jet Fuel Aliphatic Solvents 

Gasoline Alcohol 

Mild Acids Water 

Mild Alkali Oil and Greases 

S PECIFICATION COMPLIANCE 

Nitoseal 230 meets federal specification SS-S-200 (Runway 

Sealant) and SS-S-170 (Highway and Bridge Sealant). 

Fosroc Inc. 

55 Skyline Drive 
Plainview, NY 11803 
Tel 800-645•3954 
Fax 516•349-1910 

665 North County Road 101 
Woodland, CA 95776 
loll Free: 800-441-3633 
Tel 916-666-3633 
Fax 916-666-2439 

PACKAGING A ND COVERAGE 

Nitoseal 230 is available in 2 gallon and 10 gallon kits. 

1 gallon covers approximately 231 cu. in. 

WARRAITTY 
Fe.roe Inc: .• warnru ns products to be free of defects on matenal ano wori<rnanslup for• penod of one (1) year from u,., date of ma,..,t,ct..-e. Under this wam,nty, Fosroc wil pn:,vode, Ill no clwrge, p,oduct ~in ' 

e<>nla.nen lo ~laee any product p,oved to be delectrve when applied ,n aceordance wlh Fosroc wntten ristn.d>ona end r, appclll.Ons recommended by Fasroc as to be aurtable for thrs produel Fe.roe's 
obi--.,a.on ,._.undo< shal be lmrted 1olely to such repbcement and shal be condmoned upon n,ce,pt by Fosroc of wntten nc<ca ot .,,y alleoed delects promptly alter chcovery thereof wrthn Iha WWTVl!y ..., 

A!>Mn:e of such claJms on wn1ng dunng th• pe,,od w.l con,.IMe a w1JNer of al claJms wnh ,...pec:1 to 1uch produC't This Wamwity does not oncklde doocolorat.,n or change., tho v,.ual ap_,.nc, of the 
prodoct duo to the accumulal.,n of or •-~"'0 of d"'l or other arl>ome mat..-ian depolltrd on the aurface from the llmC>sphe,-. Fosroc does'"'' warrant the color fa>t~ of any product unlna spec,r-.c aa-, 
staled otherw= The forego.-,g rs u,e u ckl>tVe remeoy of the t>uyer and THERE AAE NO OTHER WARRANTIES BY FOSROC Of NfY NAT\JRE WHATSOEVER. EXPRESS OR IMPLIED. INCLUDING ANY 
WAAR»ITY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAq PURPOSE. Fosroc shal '"'t be hble fo, domages of 1ny aorl, ricludong ~le or con,equentel d-n. resuh>g from any cl#.med 
breach of any wa.rninty. whe\he< express or ,mpled. ,ncludng any warranty of men;hanlabj l!y or faness lor a particular puopose or from .,,y olhe< cauu Whatsoever. 
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GUNDLE 60 mil Textured HDPE 
{HDT 60) 



Gundle Lining Systems Inc 

<®@rmcdJl@ 
Textured 
Gundline® HDT 
Maximizes Slope 
Stability 
Gundle Lining Systems has developed 
a method for adding a rough texture to 
the surface of our durable High Density 
Polyethylene (HOPE) liners. The result 
is a high performance product called 
Gundline HOT which increases slope 
stability in enginP,ered landfills and 
other lining applications. 

Gundline HDTs special textured sur­
face dramatically improves slope stabil­
ity by increasing friction between the 
synthetic liner and soils, geotextiles, , 
and other geosynthetics. Cover soils 
are held on the liner with the greatly 
increased friction, and safety-conscious 
engineers can improve factors of safety 
on slopes of varying steepness. Table 1 
lists the improvements in friction angle 
for Gundline HOT, determined by direct 
shear box testing. 

The innovative friction surface of 
Gundline HOT is manufactured simul­
taneously with extrusion of the solid 
barrier portion of the liner as opposed 
to being added after extrusion. It's a 
rough surface, fully integrated with the 
sheet during the molten phase of man­
ufacture. As a result, it has excellent 
abrasion resistance and remains 
intact regardless of chemicals con­
tacting the sheet surface. 

TABLE I: DIRECT SHEAR BOX FRICTION ANGLES* 

SLIDING SURFACE 

Gundline/H.R. Clay 
Gundline/Ottawa Sand 
Gundline/Geotextile (Nonwoven) 

FRICTION ANGLE (DEGREES) 
POLYETHYLENE TEXTURED 

16 

17 

11 

24 
26 
29 

•Note: Friction angles for the products listed are typical only and may vary wi_th 10<?<31 soil C?.n­
ditions. Accordingly, engineers must test friction angles for the product using site specific 
soil composition for all designs incorporating the product. 

Gundline HDT Retains The Important 
Advantages Of Gundline® HD. 
Manufactured in 22.5 foot wide seam­
less rolls and in thicknesses ranging 
from 40-100 mils of barrier wall, 
Gundline HOT features the same impor­
tant qualities that have made Gundline 
HD the world's leading lining system. 
Tensile strength before yielding, biaxial 
elongation, tear resistance, puncture 
resistance, ultraviolet light resistance, 
chemical resistance, dimensional 
stability, heat resistance, and stress 
crack resistance are all excellent. So is 
resistance to microorganisms and 
rodent damage. 

As with Gundline HD, Gundle manu-

factures Gundline HOT with only the top 
performing pipe grade HOPE resin. The 
superior high grade resin creates an 
ideal structure to the finished sheet. 

HOPE -1n and carbon blacll uMd In nw>Ulacturing. 

Gundline® VLT 
Gundline VL T combines the exceptional 
elongation and elastic properties of 
Gundline~ VL (Very Low Density 
Polyethylene Liner) with the outstanding 
friction characteristics and slope 
stabilizing qualities of Gundline~ HDTI 
The combination makes the liner ideal 
for landfill closures and other ap­
plications where elongation, flexibility, 
and slope stability are important. The 
excellent multi-axial elongation of 
Gundline VL T accommodates 
differential settlement while the textured 
surface provides long term slope 
stability. · 

Gundline HDT 
Provides Solutions 
To Difficult 
Applications. 

A recent problem at Islip, New York 
illustrates the effectiveness of Gundline 
HOT. It began when the city's municipal 
landfill neared capacity. The problem 
was then compounded by the lack of 
available land for expansion. But Gundle 
provided the solution. After considering 
all available options, it was decided to 
expand vertically-a process dubbed 
"piggybacking.° A new cell would be 
created to sit atop the existing closed 
and capped landfill. However, it was 
critical to establish slope stability for the 
new, steep slopes of this 80-foot high 
addition. So Gundle manufactured and 
installed 1.2 million square feet of 
Gundline HOT and successfully in­
creased the friction angle between the 
liner and the sand over sixty percent. 

Today, not only does Islip have 1.8 
million cubic yards of new refuse dis­
posal capacity, but they also have peace 
of mind knowing it's lined with the 
industry's most stable and durable liner. 



GUNDLINE® HDT/VLT SPECIFICATIONS 
GUNDLINP HDT GUNDLINP VLT 

TYPICAL TEST GAUGE GAUGE 
PROPERTIES METHOD (NOMINAL) (NOMINAL) 

30mll 40mll 60mll 80mll 100mll 30mll 40mll 60mll 80mll 

Density (g/OC) ASTM 01505 .94 Min .94 Min .94 M,n .94 Mm .94 Min .910 ·.925 .910 -.925 .910 ·.925 .910-.925 

Matt Flow ASTM 01238 .3 .3 .3 .3 .3 .6 .6 .6 .6 
Index (Max.) Cond,Iion E 
( 190 C, 2.16 kg. g/10 minutes) 

Carbon Black (04 ) ASTM 01603 2·3 2-3 2 · 3 2-3 2-3 2-3 2 -3 2-3 2-3 

Tensile Propen,es ASTM 0638 
Mod1lled Type IV 
Dumb bell @ 2 1pm 

Sueng,h a1 Yield (PPI) 70 95 140 190 240 NA NA NA NA 
Strength at Break (PPI) 30 50 75 100 125 56 84 112 169 

Elongation at Yield (%) 13 13 13 13 13 NA NA NA NA 
Elongation at Steak (•t.) 150 150 150 150 150 400 400 400 400 

Muhi Axial Elongahon 
at Break(%. M,n.) GRl•GM4 15 15 15 15 15 75 75 75 75 

Tear Resistance (Pounds) ASTM 0 100( 22 30 45 60 75 12 18 27 36 
o ,ec 

Punc1ure Resistance (Pounds) FTMS 101 30 52 80 105 130 51 64 75 85 
Method 2065 

Environmental Stress Crack ASTM 01693 1500 1500 1500 1500 1500 1500 1500 1500 1500 
(Hours. Mm.) 1oo;. lgepal. 50°C 

Dimensional Stabili ty ASTM 01204 +/·2 +/-2 +/-2 • / -2 +/·2 +/·2 +/·2 +/•2 +/·2 
(% Change) 

Thermal Stab,hty OIT ASTM 03895 2000 2000 2000 2000 2000 2000 2000 2000 2000 
(Minu1es) 130' C, 800 PSI 02 

Low Temperature ASTM 0746 -112 -112 ·112 •112 · 112 -112 ·1 12 ·112 · 11 2 
Brinleness (°F) Procedure B 

Coefficienl of Linear ASTM 0696 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Thermal Expans,on 
(x IO -4/cmfcm' C) 

Water Vapor Transmission ASTM E96 . I . I .1 . I .1 . 1 ., .1 
(g/m' /day Max.) 

Note: All values. except when spec,hed as m,nimum or max,mum, are typical test resulls. 

SUPPLY SPECIFICATIONS 
The following describes 1yp1cal roll dimensions lor Gundhne HOT and VL T. 

NOMINAL 
THICKNESS WIDTH LENGTH AREA 
mil mm h 

30 0.75 22.5 
40 1.0 22 5 
60 1.5 22.5 
80 2.0 22 5 

100· 2.5 225 

• 100 mil is only available in HOT 

GUN DUNE HOT and GUN DUNE VL T 
are rolled on 6" I.D. hollow cores. Each 
roll is provided with 2 slings to aid 
handling on site. Dimensions and 
weights are approximate. Custom 
lengths available upon request. 

<>Gundle L00tng Systems Inc 1991 20MEWP0793•2425 

m fl. 

686 625 
6.86 600 
6.86 420 
686 320 
6.86 250 

Gundle Lining Systems Inc 

Gu»ml<dJl@ 
·11 it needs fining, it needs Gundle." 

19103 Gundle Road 
Houston. Texas TT073 U.S.A . 

Phone: (713) 443·8564 
Toll Free: (800) 435-2008 
Telex: 166657 GundleHou 

Fax: (713) 875-601 0 

m 

190 
183 
128 
97 
76 

fl. 2 m2 

14.063 1306 
13,500 1254 
9,450 878 
7.200 669 
5.625 522 

These speahcat10ns are to be used only as 
a general guideline tor use by engineers 
in formulating preliminary specit,caIions. 
and should not be rehed upon absent site­
specific product testing; and Gundle 
assumes no responsibility tor the improper 
reliance upon Of misuse of such data. In 
addrtion. product design and specilicat10ns 
are subject 10 change wilhout notice. 

V pnnted on recyoed -

' j 



TREVIRA 011/550 Non-woven Geotextile 
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Whatever your geotextile application, you can't specify 
a better engineering fabric than Trevira® Spunbond. 

... 
-

• ~ 
TREVIRA 

SPUNBOND 

♦ 



Trevira® Spunbond nonwoven engineering products 
are highly needled fabrics with excellent tensile properties, 

high filtration potential and outstanding permeability. 

Trevira* Spunbond Type 11 products 
are 100% continuous filament 
polyester nonwoven needlepunched 
engineering fabrics. They deliver a 
combination of advantages 
unmatched by any other spunbonded 
geotextiles. They're resistant to 
freeze-thaw, soil chemicals and 
ultraviolet light exposure. 

Trevira* Spunbond nonwoven 
engineering fabrics offer excellent 
performance where the requirement 
is tensile reinforcement, planar 
flow, filtration, or separation. They 
are ideal for roadways, railbeds, 
drainage systems, lining systems, 
retaining walls. And much more. 

The intorma!lon con~ ....,..., le oll....:1 ,,.. ol ch&tge, and le. lo 
OUI bH I lmowledoe, !Ne and 1100ftle; helwwvW, al -mend&!lonl 
or auogeatlo<la are rNde wtl!loul IJUUanlH. aince the eondrtlona ot 
uM are beyond ou, c:ontrol. Tllele la no • ""'9•Md warranty and no 
iffll)lled warranty ol rnerchanlat,lll or ol titne" loc purpoae ol the 
l)l<)duct or p,oductl dncrlbed -.1n IUblmtino lhill lnfonnation. 
no tial>illly r. auun,ed or llcer-. or ol!W rigMa implied given with 
,.epec11n "'Y ulating or~ paten!, patent appliealior\1 or 
11ademar1<a. The ~ ol al legal regula tion, and pa11nte r.11>• 
,.apon, lbiUty ot the u- . 

-

TYPICAL PHYSICAL PROPERTIES OF TREVIRA* TYPE 11 PRODUCTS 
Fibr1o'Property .• ~ ', ,,-: .... . Unit T11t Msthod 
Fabric Weight oz/yd' ASTMD-5261 

Fabric Thickness. I mils ASTMD-5I99 

Grab Slrenglh (MD/CD)11 lbs ASTMD-4632 

Grab Eloncialion (MD/CD)11 % ASTM0-4632 

Trapezoid Tear Slrength (MD/CD)'' lbs ASTMD-4533 

Puncture Resistance lbs ASTM0-4833 

Mullen Burst Strenglh psi ASTM D-3786 

Water Flow Rate gpm,11• ASTM0-449I 

Permittivity, 11' sec• ASTMD-449I 

Permeability, k ,. 'i'xt cm/sec ASTMD-4491 

AOS 
Sieve Size ASTM D-4751 mm 

Standard Roll Widths>! fl 
Standard Roll Lengths" ft 

••MO - Machine Olrecilon. CO • Cross Machine Olreciion. 

llOlher width and length rolls ere available upon request. 

·0111120 011/1'D 

3.5 4.2 

60 70 

1201105 150/125 

75185 75185 

50/40 55/50 

55 65 

195 225 

195 190 

2.61 2.54 

.40 ,45 

70-100 70-100 
.210-.149 .210-.149 

400 400 

·011~-; 'nl1f/25QJ ·rom2so·~ 1~11~)-Jso;. ·01Y1420 . 

6.0 7.5 8.5 10.5 12.4 

90 110 120 140 165 

230/180 300/235 320/260 420/350 475/400 

75185 75180 75180 75180 75180 

80/75 105195 110/100 1401125 170/145 

95 115 125 155 170 

330 400 435 560 600 

170 150 130 120 105 

2.27 2.01 1.76 1.6 1.47 

,52 .56 ,53 .57 .62 

70·100 70-100 70·120 100-120 100-140 
.210-.149 .210-.149 .210-.125 .149-.125 .149-.106 

12.5 and I5.0 

300 300 300 300 300 

MINIMUMt PHYSICAL PROPERTIES OF TREVIRA® TYPE 11 PRODUCTS 
-¥a'&ic~-- '•• ~'J:~~;-11'_5.\ , : Untt.t: ~'fut llithod 011/120 0111140 I 014/2:0t:., "'011/250#i ,.:v,-- . ,01l l'350~ · 011/420~ 

Fabric Weight o.z/yd' ASTM D-5261 3.3 4.0 5.7 7.1 8.0 10.0 12 0 

Fa bric Thickness, t mils ASTM D-5199 so 55 75 95 105 125 145 

Grab StrenQth lbs ASTM0-4632 90 110 160 210 230 305 350 

Grab Elonaalion % ASTMD-4632 60 60 60 60 60 60 60 

Trapezoid Tear Strength lbs ASTM 0-4533 30 40 60 75 80 100 120 

Puncture Resistance lbs ASTM D-4833 45 so 80 95 100 130 150 

Mullen Burst StronQth psi ASTM D-3786 170 190 285 360 380 510 550 

Waler Flow Rate opmllt• ASTM D-449I 155 150 130 110 90 80 65 

Permittivity, 11' sec• ASTMD-4491 2.07 2.01 1.74 1.47 1.20 1.07 0.87 

Permeabil~v. k = 'l'xt cm/sec ASTM0-4491 .26 .28 .33 .35 .32 .34 .32 

AOS 
Sieve Size ASTM D-4751 so so 70 70 70 70 70 

mm .300 .300 .210 .210 .210 .210 210 

•These minimum values represent minimum tast values es determined from Quality Control (O.C.) testing. 

-

r 011t4S<f·~ 

13.5 

170 

540/450 

80/80 

180/165 

185 

700 

100 

1.34 

.56 

120-140 
.125-.106 

300 

; 011/450 

13.0 

150 

390 

65 

130 

155 

640 

60 

0.80 

.31 

100 
.149 

-

•; 011 /550 

16.5 

210 

650/570 

85185 

225/200 

225 

855 

80 

1.07 

.57 

140-170 
.106-.068 

300 

011/550 

16.0 

185 

500 

70 

150 

195 

760 

40 

0.53 

.25 

100 
.149 

6/94 
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1-800-346-9107 

Cincinnati. OH Reno, NV 

)n 

) U.S.A. 

Hoechst Celanese 

Hoechst (0 

The HOECHST name and loQO and TREVIRA lor polyes1er are 
reglslered lrademar\s ol Hoech,1 AG. 



BENTOFIX Geosynthetic Clay Liner 
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Applications: 

Composite linings 
Bentofix GCL.s reduce the thickness of, or 
even replace, multi-lift compacted clay 
layers called for in composite landfill 
liners or cap systems. 

Secondary containment 
Bentofix GCL.s are used as secondary 
containment barriers in aboveground 
tank farms or around underground 
storage t anks. 

Liquid containm~~t~ ----=~:~. 
and conveyance 
Used by themselves, Bentofix GCls pro­
vide exceptional liquid containment in 
reservoirs, irrigation canals, and industrial 
ponds and lagoons. 

Needlepunching gives shear strength. 

Bentofix'" Geosynthetic Clay Liners (GCLs) are high-strength, 
needlepunched bentonite composites which combine high-quality 
geotextile outer layers with an inner layer of low-permeability 
sodium bentonite clay. 
Bentonite is a natural sealant which actuates on contact with water­
based liquids. Upon hydration, the bentonite in Bentofix GCLs swells 
to form a low-permeability clay layer with a hydraulic conductivity 
less than 1 x 10·9 cm/sec. As a result, Bentofix provides the same 
hydraulic protection as several feet of compacted clay. 

Combining low permeability, chemical resistance, and internal shear 
strength with rugged durability, Bentofix GC Ls provide an effective 
barrier to the flow of liquids. Simple, cost-effective installation 
makes Bentofix a viable alternative for a wide range of applications, 
including composite landfill linings, landfill caps, secondary contain­
ment for storage tanks, stormwater and wastewater retention, 
canals, dams and reservoirs. 

Cross Section of Bentofix Geosynthetic Clay Liner 

~~enrtilt D D 'Ef D D ':cJ =:~~~ 

Sodium 
bentonlte 
Beotofix GCL.s 
coolain 1 b'tt' ol 
sodium beotonite. 

These fibers p<OVide 
tugn internal sliear 
strength. They also 
eocapsolate and 
W1fine !he mum 
bentoote. decr&as• 
,ng permeabihly and 
maintaining a coe>­
sistent bentoote 

Not>-"°"'n, con1ent even under 
netdle!)unched . •• j I ' • ~ ~ • ' .. ' • ◄ I • ' ' rigorous onstallatoo 
geotextlle ,,.,~ ·.N1 ,,; t'-11 .1,i 4J.tl ,,,.- N.• ' 1.1~ . ... ,. -i~i H .. ,,., ;, ( cond>IIOOS 

Increase your airspace and your liner efficiency. 
In a composite landfill liner system, Bentofix GCLs can reduce, and in 
some cases replace, the thick compacted clay layers normally required. 
This can mean reduced excavation or increased containment volume. 
And in a landfill, increased airspace means increased revenues. 

~Bentofix- GCL 

Single-composite liner system 

Waste ___ _ _ 

Separation 

Working Layer _ _ _ : 
1
: :·.::_::•:·._-: ·.<-:~:=-.":'(:::::_:_: ::.:>·:·:· :·.<: :-::·::·-: ::::::_: _: ::. :: __ :,: ----Fabric 

Leachate Collection_.-~,:._,:.;.}·."-;--.•.: .. ~-:.-,:.·->.. · . . • .- -:- . Geomembrane 
, , ... , -:. • • - .... , • .,. _. ~ 1, • . 1 •~ · · • 

Bentolix- GCL:-



High quality, natural sodium bentonite provides leak protection. 

Bentofix GCLs are part of an important trend toward 
the combined use of geosynthetics and geologic 
materials.in containment applications. In a typical 
composite liner system, GCLs work together with 
polyethylene geomembranes to increase liner system 
efficiency. 

Caps and closures 
Bentofix GCLs are ideally suited for use in caps and 
landfill closures. Used alone, or in conjunction with 
a geomembrane, Bentofix GCLs act as an excellent 
barrier to infiltrating rainwater. 

Cover Soil_'tftl~Ht!¥tn;nt81iJtY~ 
TEX•N~ . 
Bentofix·~__;;;eomembrane 

Sand_ __ · · ·. - Gas Collection 
Layer 

Waste __ _ 

Landfill composite cap 

Needlepunching provides important 
advantages. 
By needlepunching fibers from the non-woven geotex­
tile layer through the sodium bentonite layer and into 
the opposite geotextile layer, a completely uniform 
GCL is produced - with important advantages that 
apply to any application. 

High internal shear resistance. 
Needlepunching reinforces the otherwise weak layer 
of bentonite clay. Unreinforced bentonite is susceptible 
to failure even on gradual slopes, since the hydrated 
clay has little or no shear strength. The Bentofix 
needlepunching process consistently reinforces the 
bentonite layer with hundreds of tensile fibers that 
resist shear and transfer the stresses into 
our sturdy geotextiles. 

With Bentofix, the GCL is no longer the limiting factor 
on side slopes. You can use Bentofix to replace cum­
bersome compacted clay layers on steep side slopes 
and be assured of slope stability' 

RtSUL TS OF DIRCCT SHEAR TESTING ON DENTOFIX 

NORMAL STRESS (ps,J 

Bentofix's internal friction angle is higher than 
the interface friction angles typically found 

elsewhere in a multi-layer lining system.* 

Consistent bentonite content 
Needlepunching prevents lateral migration of the 
bentonite within Bentofix - in either the dry or 
hydrated state. As a result, a consistent bentonite 
content is preserved throughout the composite. 

Simplified installation 
During installation, the needlepunched fibers hold 
the bentonite in place. This means that Bentofix is 
more durable and has a greater bearing capacity, 
once hydrated, than conventional GCLs. This can 
greatly reduce the adverse effects of premature 
hydration during the installation process. 

No delamination 
The mechanical bonding and inherent confining 
stress resulting from needlepunching prevents sep­
aration of the geotextiles during installation and after 
the bentonite hydrates. This increased confining stress 
also improves the hydraulic properties of Bentofix 
GCLs under low normal loads. 

Assured quality control 
Since Bentofix GCLs are a manufactured product, 
we can perform detailed quality control at the man­
ufacturing facility. To ensure the quality of our 
Bentofix GCLs, we subject them to multiple strength 
and permeability tests. As a result, expensive and 
time-consuming on-site quality control testing -
like that required for compacted clay liners - can 
be reduced. 
Because Bentofix GCLs are manufactured from only 
high-quality raw materials, we can ensure consistent 
properties and eliminate the chance of time­
consuming and costly on-site rejection. 

• In all applications. design-specific parameters will determine actual 
values. and site-specific testing should be carried out to determine 
the shear angle in each application. 



Bentofix GCLs are easy to install 
Bentofix GCLs are supplied in rolls 15 feet wide 3) In applications with low normal loads which use 

Bentofix as the primary lining material, bentonite may 
be used to augment the seal at the overlap. While 
deploying the bentonite, it is easy to check that the 
overlap is free of folds and foreign objects. 

with standard lengths of 100 feet. We can custom­
manufacture longer rolls that may be required for 
special projects. Bentofix GCLs are packed in clearly 
marked plastic covers to ensure that they are kept dry. 
Our unique wrapping system allows the rolls to be 
unloaded easily and stored in their protective sleeves. 

Place a 3·:.4·:.wide continuous strip of bentonite on top 
of the unrolled mat, between the edge of the roll and 
the matchline. Apply the bentonite at an approximate 
rate of 1/4 pound per lineal foot. Install the next panel 
so that its edge covers the bentonite and lines up with 
the matchline. 

1) To install, just 
suspend a roll of 
Bentofix from a 
spreader bar at the 
top of the slope and 
unroll, or secure the 
free end in an anchor 
trench and back the 
suspended roll down 

4) No special equipment is required - only a carpet 
knife or an electric cutter is needed to cut Bentofix 
GCLs to any configuration necessary. 

the slope. Seams on slopes should be perpendicular to 
the slope whenever possible. ' 

5) GCLs must be 
properly confined 
by a minimum soil 
cover before being 
allowed to hydrate. 
Although Bentofix 
is not as susceptible 
to water damage as 

2) In applications 
where geomem­
branes are placed 
over the Bentofix 
GCL and higher 
normal loads are 
expected, a simple 
overlap is all that is 
required. A clearly marked matchline on each panel 
edge indicates the correct overlap. Overlaps should be 
shingled in the direction of water flow. 

some other bentonite composites, some simple guide­
lines will help you avoid costly delays. Our experienced 
staff will be glad to assist you in determining the most 
suitable method of deployment. 

Call Fluid Systems at (800) 346-9107 for more details 
on how Bentofix Geosynthetic Clay Liners can provide you 
with better hydraulic properties, greater shear strength, 

simpler installation, greater durability and increased airspace. 

I 
FLUID SYSTEMS 

Farnsworth Center 
12~5 Corporate Blvd 
Su,te300 · 
Aurora, Illinois 60504 
800/346-9107 
Fax: 708/898-1179 

The information contained herein has been compiled by Fluid Systems and is, 
to the best of our knowledge, true and accurate. All suggestions and 

recommendations are offered without guarantee. Final determination of 
suitability for use based on any information provided is the sole responsibility 

of the user. There is no implied or expressed warranty of merchantability 
or fitness of the product for the contemplated use. 

76·5/93·3M 



FLUID SYSTEMS 

RECOMMENDED SPECIFICATIONS 
. •"": . ,aJ~- . . - . 

. ' .. . 
. . 

. . . 

B fl TM ento 1x 
GEO SYNTHETIC 

CLAY LINER 



Bentofix™ GEOSYNTHETIC CLAY LINER 
Recommended Specifications 

1 .0 These specifications describe Bentof1x Geosynthet1c Clay Liner (GCL). a bentonite geotextlle composite that is 
needlepunched to provide high shear resistance and durability. The supp ly and Installat1on of these materials shall 
be in strict accordance with these spec1f1ca11ons and contract drawings. 

2.0 Description 

2.01 The top and bo ttom layers of the GCL shall be geotext1les. At least one layer will be a nonwoven 
needlepunched geotext1le. 

2.02 The p rimary constituent of the GCL shall be a natural sodium montmorillonite clay, called bentonite. placed 
on the carrier layer geotextile at a minimum rate of 1 lb/sf. 

2.03 The nonwoven geotex11le shall be needle punched through the benton11e into the carrier geotextile. effec· 
11vely a11ach1ng the top geotexule to the botlom geo1ext1le. encapsulating the bentonite. 

3.0 Manufacturer Quality Assurance/ Quality Control 

3.01 Each geotext1le layer shall be Quality Control tested during the manufacturing process to ensure they meet 
material spec1f1ca tions. The geo1ex11le manufacturer shall perform the following tests at least once every 
60.000 square feet (f1 2). and certify conformance with the following: 

mass per unit area 
thickness 
tensile strength 

trapezoid tear s11eng1h 
burst strength 

3.02 The bentonite shall be tested at a frequency correlating 10 one test per 50,000 square feet (112 ) of finished 
GCL. to ensure conformance with: 

moisture content fluid loss 
water absorption capacity montmorillonite content (methylene b lue test) 
swell index 

3.03 Add111onally, the bentonite producer will provide cert1f1ca11ons for the following p roperties: 

moisture content montmorrillonite content (XRD test) 
water absorption fluid loss 
bulk density 

3.04 The GCL finished product will be tested at a frequency of one test every 3.000 sf for: 

overall thickness 

every 10,000 ft2 for: 

moisture content 
peel strength 

and every 100,000 tt2 fo r: 

hydraulic conductivity 

mass per unit area 

grab tensile strength 
puncture streng th 

3.05 The GCL shall be continually bonded and reinforced by needle-punching. 

3.06 No separation of geotextile components shall occur it the liner is cut. punctured, torn or hydrated. 

3.07 The roll shall be marked with a conlinuous "match line" at each edge to ensure that the minimum recom· ( 
mended overlap is maintained during installation. 

3.08 The GCL shall pass over bright back-lighting prior to roll-up so that consistency of the bentonite layer within 
the GCL can be visually inspec ted. 



·, 

3.09 Needle detecting devices and magnets will scan the entire width of the roll prior to roll-up to ensure no 
broken needles are present in the final product. 

3.10 The GCL shall be Bentofix"' supplied by Fluid Systems, Cincinnati, Ohio or approved equal. 

3.11 The GCL shall conform to the following specifications. 

PROPERTY TEST STANDARD UNITS 

Physical 
-Mass Per Unit Area ASTM 03776 lyprcal lb/ fl2 (g/m2 ) 

-Thickness ASTM 01777 lyprcal 1n (mm) 
-Mo1s1ure ConIen1 ASTM 04643 maxrmum % 

Mechanical 
--Orab Tensile' ASTM 04632 lypical lb(N) 
-Punclure ASTM 04833 1yp1cal lb(N) 
-Friclion Angle' ASTM 05321 1ypica1 oegrees 
-Peel S1reng1h ASTM 04632 1yp1cal lb (N) 

Hydraulic 
-Water Permeab1h1y• GRI GCL-2 maxrmum cm/s 

COMPONENT TEST STANDARD UNITS 

Carrie< Geolexlile 
-Mass Per Unit Area ASTM 03776 mm1mum oz/yd' (g/m' ) 

Cover Geolextite 
-Mass Per Unit Alea ASTM 03776 m,rnmum oz/yd' (g/m') 

Sodium Bentonite 
-Mass Per Urnt Alea minrmum lb/ft' (g/ m1) 

-Mon1monllorn1e XAO·MeIhod mm1mum % 
Content MeIhylene·Blue m,nrmum % 

-Mo,s1uie Content ASTM 04~3 maximum % 
- Swell Index USP NF XVII mmrmum ml 
-wa1er Absorption Ensl!n·Nett mm,mum 'lo 

DIMENSION STANDARD UNITS 

-Width X Length' nominal ft (m) 

-Area per Roll minimum ft> (m2) 

-Packaged Werght 1yp1cal lb (kg) 

NOTES 
•Typ,cal tensile values given for weakest p rinciple d•recuon 
' Samples hydrated under an m1t1a1 normal stress of 7.5 psi (50 kPa) and sheared internally 
•Water permeab1h1y values g,ven correspond to eflecuve stress of 10 ps, (67 kPa) 
' Nominal roll d mensrons exclusive of protecuve edge area 

4.0 Manufacturers Statement 

VALUE 

1.10 (5390) 
0.24 (6.0) 

10 

120 (530) 
170 (750) 
25 

5 (22) 

1X 10- • 

VALUE 

woven 
325 (110) 

nonwoven 
7 25 (250) 

t .O (4900) 
90 
70 
10 
25 

600 

VALUE 

152X 100 
(<: 6 X 30 5) 

1520 (140) 

1740 (790) 

4.01 The manufacturer shall submit, upon request. cert1f1cates ind1cat1ng that the material meets the above 
specification, supported by accompanying quality control test results. 

4.02 The GCL shall be supplied in rolls, clearly labeled with the following information: 

Manufacturer's Name Typical Roll Weight 
Product Name Typical Roll Dimensions 
Roll Number Lot Number 

5.0 Shipping, Handling and Storage 

5.01 The GCL shall be wrapped In plastic to protect II from ultraviolet light and to ensure the product stays dry dur­
ing shipment and prior to use. 

5.02 The GCL material shall be shipped and stored by appropriate means so that no damage Is caused to the 
material. Material shall be stored in a secure area to protect against standing water, prec1p1IaIIon, con­
tamination, theft, and vandalism. 



5.03 Rolls shall be fitted by inserting a steel bar, capable of supporting the full weight of the roll. through the 
center core. 

6.0 Installation 

6.01 The Earthwork Contractor shall be responsible for preparing and maintaining the subgrade and anchor 
trenches in a condition suitable fof the laying of the GCL. 

6.02 The method and equipmeni used to deploy the GCL shall not damage the adjacent geosynthetrcs or the 
supporting subgrade surface. 

6.03 Adequate temporary loading such as sandbags or tires shall be provided to prevent GCL uplift due to strong 
winds. 

6.04 All wrinkles shall be pulled out and overlaps shall be free of obstructions. debris and rocks. 

6.05 Seams shall be a simple overlap unless the expected normal load that will be applied to the liner and the 
intended functron determine the need for the additron of granular bentonite. 

6.06 Overlap seams shall be placed so that the edge of the upper panel aligns with the matchline on the 
lower panel. 

6.07 The GCL shall be secured In an anchor trench at the top of the slope as per the contract drawings 

6.08 Material will be deployed from the high elevation to the low elevation to protect against the adverse ettect of 
precipita11on during deployment. Panels shall be shingled 1n a down slope direction. 

6.09 All seams shall be parallel with the direction of the slope. Horizontal seams shall not be allowed on slopes 
unless approved by the engineer. 

6.10 In general. the GCL 1nstallat1on shall halt dunng any form of precipitation and exposed GCL shall be covered 
In a timely manner. 

6.11 Only as much of the GCL should be deployed ,n a given day as can be covered during that day either by a 
geomembrane or confining soil layer. 

6.12 Repairs will be made by placing a patch of the same material over the damaged area extending at least one 
toot (12 inches) beyond the damaged area in every direction. 

7 .0 Specific Applications 

7.01 Add1t1onal details may be required tor specific applications. Contact Fluid Systems for more detailed 
1nforma11on 

The information contained herein has been compiled by Fluid Systems and Is, to the best of our knowledge, true and accurate. All suggestions and 
recommendations are offered without guarantee. Final determination of suitability IOI' use based on any information provided, is the sole respoo· 
sibility of the user. There is no implied °' expressed wa.rranty of merchantability°' frtness of the product for the contemplated use. 

@ printed on recycled pape, 

FLUID SYSTEMS 

Farnsworth Center 
1245 Corporate Blvd. 
Suite 300 
Aurora, Illinois 60504 
800/346-9107 
Fax: 708/898-1179 
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TENSAR DC4205 
Geocomposite 



DRAINAGE COMPOSITE OC4205 

The drainage composite shall conslst of a geotextlle bonded to each slde of a drainage net The dralnage 
composite shall have a low compress!bllity In order to maintain high flow capacity over a wide range of 
confining pressures. The bonding process shall not Introduce adhesives or other foreign products. The 
strength of the bond between the dralnage net and the g eotextlle shall be greater than the friction 
developed between the geotextJle and a solL The drainage composite shall maintain a high flow under 
long term loading conditions and shaft be resistant to all fomis of biological or chemical·-degradatlon 
normally encountered In a son environment Toe dralnage composite shall be made from the dralnage 
net and geotextile products whose property requirements are fisted below. 
PROPERTY TEST METHOD NOTES 
Flow Capacity ASTM 4716 1 
• Gradient of 1 
• Transmlssivity @ 500 psf 

• Transmissivity @ 10,000 psf 

• Transmissivity@ 20,000 psf 

Mechanical Properties · 
• Compression 

@ 20,000 psf 
• Peak Tensile Strength-MD 
Drainage Net 
• Aperture Size 
• Thickness 
• Polyethylene Polymer 

-Specific Gravity 
-Carbon Black Stabilization 

Geotext\le 
• Grab Tensile Str~ngth 
• AOS 
• Weight 
Composite 
• Laminate Bond Strength 
• Dimensions - Finished Product 

-Thickness 
-Roll Length 
-Roll Width (Drainage Net) 

• Roll Weight 
Notes 

ASTM 0 5035 

I.D. Calipered 
0.0. Calipered 

ASTM 0792 
ASTM 04218 

ASTM 04632 
ASTM-04751 
ASTM 01910 

ASTM F904 

0.0. Calipered 

1. Test values are for the core net only. 

3,4,5 
1,2 

6 

7 
8,9 

10 

11 

UNITS 

x10¥/sec 
(gpm/ft width) 
x10¥/sec 
(gpm/ft width) 
x1 o-3tt2/sec 
(gpm/ft width) 

% 
lbs/ft 

inches 
inches 

g/cm3 
% 

VALUE 

21 
{9.55) 

16 
(7.24) 

8.6 
(3.86) 

50 
575 

0.3 
0.20 

0.940 
2.5 

lbs 130/110 
US Std.Sv.Sz. 70 
oz/sy 4.0,4.5,6.0,8.0, 1 0 

g/in 

in 
ft 
ft 
lbs 

4-00 

0.24 
225 

14 
890 

2. Compression Tests are performed on a 2-lnch square-sample loaded at a 1mmtmlnute constant rate 
of strain. 

3. Test values are for drainage net prior to bonding process. 
4. All test values are nominal, unless otherwise Indicated. 
5. MD - Machine (rolQ Direction. 
6. Minimum value. 
7. Inside dimensions in eaco principal direction are measured by calipers. 
8. Outside dimensions in each principal direction are measured by calipers. 
9. Thickness is measured by placing the specimen flat on a comparator base and lowering a round 1/2 

inch diameter flat end contact surface squarely over a junction. 

. ·., 

1 o. Geotextile splices within each roll of finished goods shall be considered acceptable product The 
splicing methods shall include, but are not limited to, stitching or heat bonding. The finished splice 
shall maintain the continuity of the filtration function of the geotextile. These methods will be · 
considered viable and acceptable unless otherwise specified. 

11. Minimum value of a random 5 sample (MO) average between the polyethylene geonet and the needle 
punched geotextile. 

The Tenser Corporetion 
1210 Citizens Perl<way 
Morrow. GA 30260 
1 -800-84 ~ 4 53 

MATERIAL PROPERTY DATA SHEET 
OC4205 

September 13. 1994 





':'HE TENSAR CORPORATION TRANSMLSSMTY n'.ST RESULTS COMPOSITE SCORE 

~ 

TTC ':'HI Ho: 414 Prooua: DC4205-60 
Rig Ho: 5 Lat no: 92011:29 

Oat• T nieo: !1110192 TeclvK>an: J w-,.e 

T Ml Outanon: Shott T em, 8ounaa,y eona-...: m- piale/San\olelmetal c,&e\a 

FLO/V IOi 
A~ _. TRAHSMISSMTY 

Nee E.T. WMW Samoie Urw Wldlh 
load G~ w- Min. Twno. Wdt\ M:2/Sec Fws.c 
~ (I) (gal) (1/1000) (Deg. Cl) (metw, GPMIFT GPMIFT (X10£E◄l (•10EE..J) 

I 
200 0.10 1.90 2.12' 22..S 0~ 0.lilO I 11.90 111.58 20.00 
200 0.25 1.90 1.l'T.Z ~ 0.2M 1.50 I 11.00 12..Q 13.38 
200 o .. 50 1.90 o.eo1 22..S 0.lU 2.3e I ... 1e 9.ee 10.111 
200 0.75 1.90 o.s::n 22..S 0.2M J .02 I ... 02 11.J:J 11§1 
200 1.00 U I0 0~11 22...5 0.21111 J .53 f J.t!O 7.51 II.OIi 

I 
500 0.10 1.90 2..379 2J .O 0.21111 0.791 7.'i12 16.'° 17 .158 
500 o.is 1.90 1.J75 :n.o 0.21111 1.J7 I 5.411 11.35 12.22 
500 0.50 1.90 0.901 2J .O 0.21111 2.091 ... 111 11.68 9.32 
500 0.75 1.90 0.715 2J .O 0.2&6 2.6' ' 3.52 7.211 7.S3 
500 1.00 1.90 0.5911 2J .O 0.2&8 3.15 J.15 6.SJ 7.02 

1,000 0.10 1.90 2.SJS :3.0 0.286 0.7' 7,0 15.37 111..54 
1,000 0.25 1.90 1.439 :n.o 0.21111 1.J1 5.2 .. 10.a5 11.118 
1.000 0.50 1.90 0.11:36 ZJ.0 0 .2.1111 2.01 ... 03 11.3<1 II.SIii ,.ooo 0.75 1.90 0.1'311 n.o 0.2.1111 2.55 J .•1 7.0S 7.59 
1,000 1.00 1.110 0 .527 :?J.O 0.2M 3.01 3.01 11.22 11.70 

2,000 Q.10 1.90 2.8:ll ZJ.5 0.lM 0.71 7.011 1•.ee 1'.7'11 
2.000 0..2:5 1.90 1.511 2l.5 0.21111 1.23 "·'° 10.21 10.911 
2,000 0.50 1.90 1.002 n., O.lM 1.1111 J .n 7.70 11.29 
2.000 0.75 1.90 0.7111 2:S.5 0.21111 2.Je 3.14 11.50 7.00 
2,000 1.00 1.90 0.11611 ZJ.5 0.21111 2.711 2.711 s.n 11.21 

5,000 Q.10 1.90 3.oa:2 2J.O 0.lM 0.111 11.12 12.116 13.IO 
5.000 o.is 1.90 1.ns 2J.O 0.288 1,051 ... -:n 9.CM 9.13 
5.000 0.50 1.90 1.150 210 0.2M 1.IM 3.211 11.711 7.31 
5.000 0.75 1.90 0.987 23.0 0.2811 2. 13 2.IO 5.117 11.31 
5,000 1.00 1.90 0.750 2J.O 0.288 2.51 1 2.'1 5.20 5.150 

10.000 0.10 1.90 J .729 2J.5 o..zu 0.50 5.00 10~ 11.13 
10,000 0.25 1.90 1.9e0 2J.5 O.l&e 0.!M J .711 7.79 8.39 
10,000 0.50 1.90 1~ 2J.5 0.2M 1,J7 2.13 5.66 IS.OIi 
10.000 Q.7S 1.110 1.0'13 ZJ.5 0.2M 1.7• 2.32 •.7i 5.111 
10.000 1.00 uo OJIOII 23.5 O.lM 2.011 2.08 • .. 28 •.58 

15.000 0.10 1.10 .. -3$9 2J.5 O.lM o.c A.28 11.85 1.53 
15.000 0.Z5 1.10 2.S2.II 2l.5 0.2815 0.7• U5 11.10 e..57 
15,000 0.!10 1.10 1.705 23.5 0.2M 1.011 l.11 •.52 ._.., 
15,000 0.15 1.10 1.331 23.5 0.l1le uo 1.87 :ue • .11 
15.000 1.00 1.10 1. 12tl 23.5 0.2M ue , .ea 3..4' l..71 

20.000 0.10 1.10 1.264 24.0 0..2118 0.%1 2.k U8 t.s5 
20,000 0.Z5 1.10 3.Aa1 24.0 0..2811 0..53 2.12 •.39 ... T2 
20,000 0.!10 1.10 2.2&4 24.0 Q.2911 0.11 UD 3.37' U3 
20,000 0.15 1.10 1.108 24.0 Q.2911 1.m I ue 2.112 ,.cs 
20,000 1.()0 1.10 1.$2:) 24.0 Q.218 1.211 1.21 :uo 2.10 

I 
2!,.000 0.10 1.10 13.A2SI n.o 0.211 0.1' I 1.«> 2.11 ,.~ 
25,000 0.Z5 1.10 7111 n.o 0.211 0.25 I 0.11 2.03 2.U 
25,000 0.!10 1.10 5A2S n.o Q.2911 0.351 0 .70 1.4' 1.55 
25,000 0.71 1.10 ... 113 n.o 0.211 0.A5 I 0.10 1.25 1.35 

25.ooo 1.00 1.10 3.AT1 n.o Q.2911 0.541 0..54 1.12 1.21 

I 
30,000 0.10 uo 2S..t10 Zl!I 0.2118 0.071 0.89 1.A3 1.54 
30,000 0.Z5 1.10 15.7'5 Zl!I 0.2N 0.t21 o..a 0-le Ull5 
30,000 0.!10 1.10 11..530 2:15 o:ae 0.19 I CU2 o..1 on 
30,000 0.75 1.10 a.717 Zl!I 0..- 0.%11 0.28 0.58 o.c 
30,000 1.00 1.10 1.ISflT Z15 0.:2:88 0..241 0.2, 0.50 0.5' 

All low and lnnamiaMyvsk-. con9d8d lo 20 d~ C. 
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Tensar 

GUNDLE LINING CONSTRUCTION COMPANY 

TACOMA HISTORICAL COAL 

DC4205006 ~25 
NS1405 GEONET DATA 

LOT NUMBER=5-0142 

ROLL NUMBER THICKNESS TENSILE 
(mm) STRENGTH 

(lb/ft) 

33 5.85 775.9 

39 5.88 777 . 2 

45 5.80 740.9 

51 5 . 77 727.2 

·57 5 . 87 706.6 

63 5.78 720.3 

69 5.95 747.7 

. I 

Ttie Tensar Corporation 

121 0 Citizens Parkway 
Morrow, Georgia 30260 
(404) 968-3255 

% CB 

2.26 

2.33 

2.25 

2.32 

2 .35 

2.39 

2.32 
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GREEN® 
14649 Highway 4 I North • Evansville, Indiana 477 1 I 

1-8 12-867-6632 1-800-772-2040 in USA 1-800-448-2040 in Canada 1-812-867-0247 FAX 
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BLANKETS 

North American Green® Straw/Coconut Fiber 
Erosion Control Blankets 

Developed for severe slopes, medium flow 
channels, and applications requiring 
extended protection during vegetation 
establishment, The North American Green 
straw/coconut fiber blanket consists of 
heavy-weight. UV stabilized netting and a 
uniform straw matrix supplemented with 
durable coconut fiber for long lasting, high 
performance erosion control. 

SC150 
The SC I 50 blanket fearures a 70% straw, 30% 
coconut fiber matrix sewn between a heavy­
weight UV stabilized top net and a lightweight 
bottom net. The 1,eavy duty, long lasting net 
and coconut fiber supplement make rhe SC I 50 
an effective erosion soluuon on 2: I - I : I slopes. 
medium-discharge channels. and areas requiring 
blanket protection for more than one growing 
season. 

SC I 50 Specifications 
Material Composn1on 
Straw . . . .35 lbs/sq yd (. 19 kg/sq m) 
Coconut . .15 lbs/sq yd (.08 kg/sq m) 
Net . heavyweight UV stabilized top. 

lightweight bottom 
Thread . . carton. bio-degradable 

SC I 50 Roll Specifications 
Width . . 6 .5 ft (2 m} 
Length . . . 83.5 ft (25.5 m } 
Weight . 30 lbs 113.6 kg} 
Area . . . 60 sq yd (5 I sq m) 





Curlex Blankets 
Now you can prevent erosion, assist 
in germination and protect seedlings 
with AMXCO Curlex Blankets. 

Curlex Blankets combine a dense 
mat of curled and seasoned Aspen 
wood excelsior with a tough, photo­
degradable plastic mesh. They are 
designed to halt erosion and will 
remain in place on even the roughest 
terrain. 

Hi-Velocity Curlex Blankets are spe­
cially made for use in situations of 
high-velocity water flow on slopes and 
in ditches. 

Curlex Blankets provide the ideal 
ground conditions for fast turf de­
velopment. When properly installed, 
they retain moisture, control surface 
temperature fluctuations of the soil, 
conform to the terrain, protect against 
sun burnout and break up rain drops 
to stop erosion. 

Installation is uncomplicated and 
instructions are clear so that 
inexperienced labor can apply Curlex 
Blankets. 

Uses and Application 
Curlex Excelsior Blankets are 
designed to prevent erosion on: 

• Steep slopes 
• Berms 
• Median strips 
• Mine tailing sites 
• Ditches 
• Strip mine sites 
• Ski slopes 
• Dam sites 
• Dikes 
• Landscape projects or any other 

"hard to hold" problem area. 

-

-

-



- Curlex Blankets 

Wyoming roadside slope installation. 

-

The Excelsior Curlex Blanket is a machine­
produced mat or curled wood excelsior of 80% 
six-inch or longer fiber length. It has a consis­
tent thickness, with the fiber evenly distribut­
ed over the entire area of the blanket. The top 
side of each blanket is covered with a pho­
todegradable extruded plastic mesh. The blan­
ket is smolder-resistant without the use of 
chemical additives. 

Installation Instructions 
Properly prepare, fertilize and seed area to be 
covered before blanket is applied. When the 
blanket is unrolled, netting should be on top 
and fibers in contact with the soil over the 
entire area. In ditches, apply blankets in the 
direction the water flows, butting them at the 
ends and sides and then stapling. On slopes. 
apply blankets either horizontally or vertically 
to slope, butt ends and sides and then staple. 
It is not necessary to dig check slots. anchor 
ditches or bury ends of blankets unless called 
for in design specifications. 

ROLL SIZE 

Width . . ...... . . .. . .. . 48 in. (+ / - 1 in.) 
Length . ... . .. . . . .. . . . . . . 180 It. average 
Weight Per Roll . . . . . ... 78 lbs. ( + / - 100/o) 
Square Yards Per Roll .. .. .... 80 average 

_ ... . -f.. •. 

Stapling Instructions for 
AMXCO Curlex Blankets 

. .. 
°" iNSTJ 

AP.~LICJ 
Curlex Bla,:ikets 3: 

1 · man crew-BO . . 
2 man crew-18 

3 man crew-32 

HI-V«;iloclty Curlex 
1 man crew-BE 

2 man crew-19 

3 man crew-3: 

'Application rate figure 
, lnexpf rlenced (abor u . 

Use wire staples, .091" in diameter or greater, 
"U" shaped with legs 6" in length and a 1" 
crown. Size and gauge of staples used will 
vary with soil conditions. Drive staples verti­
cally into the ground. Use four staples across 
at the start of each roll. For slope installation, 
continue to staple along the length of the roll 
at 6 11. intervals. For ditch liner, staple along 
the length of the roll at 4 11. intervals. Another 
row of staples in the center of each blanket 
should be alternately spaced between each 
side for either slope or ditch. Use a common 
row of staples on adjoining blankets. 

-
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Hi-Velocity Curlex Blankets 
Designed to control erosion in areas of high­
velocity water runoff, the Excelsior Hi-Velocity 
Curlex Blanket is a machine-produced mat of 
curled wood excelsior of 800/o six-inch or 
longer fiber length, with consistent thickness 
and fiber evenly distributed over its entire area. 
Each side is covered with black, extra heavy­
duty extruded plastic mesh netting designed 
to last for years and reinforce the root system 
af1er the excelsior mat has decomposed. They 
are smolder-resistant-no chemical additives. 

Installation Instructions 
This blanket is designed to withstand high­
velocity water movements in d itches and on 
slopes. In ditches, unroll blanket in direction 
of water flow. When using two blankets side 
by side in a ditch, do not put the seams in the 
center of the ditch. Offset by 6 inches to 1 foot. 
On slopes, start blanket 3 feet over cr~st of 
slope or d ig anchor ditches if specified. 
Blankets may be installed horizontally or ver• 
tically, whichever is easier. 

HI-VELOCITY ROLL SIZE 

Width ...... . .... . ... . 48 in.(+/ - 1 in.) 
Length .... . .. . .. . . ... ...... 100 ft. min. 
Area Coverage .. 400 sq. h. . . (44 + sq. yds.) 
Weight . ...... . .... . . 72 lbs. (+I - 7 lbs.) 

Stapling Instructions for 
AMXCO Hi-Velocity Curlex Blankets 
Use wire staples, .091n in diameter or g reater, 
"U" shaped with legs an long or longer and 
1" to 2" crown. Size and gauge of staples used 
will vary with soil types. Use four staples 
across at the start of each roll and continue 
to staple along the length of the roll at 2 tt. 
intervals. When blankets are placed along­
side each other, staple so as to catch the 
edge ot each roll. In addition to stapling the 
edges of the blanket at the appropriate 
intervals (see drawing), place staples in the 
center of the blanket halfway between the 
outer staples. 

Hi-Velocity ditch liner application in Midwest. 

.Typical Stapling Pattern 
for High-Velocity 
Dltches and 
Slopes· ' 

' 
" 

' 
' 

Use 4 .staples across at the start of 
each roll and continue to staple 

. throughout the length of the roll at 
2 ft. intervals. 

HI-Velocity Curlex 
Blankets 
are recommended for the 
following water velocities: 

Velocity/Feet 
Soll Types Per Second 

Clay, clay loam, · 
silty clay .... . .. . ... 11 FPS 
Clay, silty clay, 
sandy clay loam ..... 9.8 FPS 
Fine sandy loam, 
silty loam .......... 8.6 FPS 
These ftt;Ju= atB tJ.3Sld M drch fnlng 
al Ol'CI' 396 grade up to 7396. ln slope 
protection, the dJtmnlring factor 'MJl.dd be 
the grade of lhe slope, benns aboYe ;nJ 
shetJir,g effect, of watet' IOOCi1y. 



Various Applications 

Cur/ex Blankets prevent erosion on steep slope at a residential housing development. 

:... ·~ -~~- ---
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~1li< ~<:~'ij;~;r: 
This app lication was done for the U.S. Forest Service at 
an altitude of 12,000, near Meteetse, Wyoming. 

At this site in Alaska, Cur/ex Blankets are used in conjunction with 
gabion to prevent erosion on a hillside. 

A roadside slope application 

American Excelsior Company 
AN EMPLOl'EE ONNED CO,,.PANY 

American Excelsior Company, with headquarters at 
Arlington, Texas, is the world's largest producer of excel­
sior products, with 26 branch warehouses located coast 
to coast. In addition to Curlex Blankets, American 
Excelsior produces packing materials, excelsior for 
building board and flexible urethane foam products for 
the home and industry, plus Excell Fiber Mulch, geotex­
tile fabrics-woven & nonwoven, heavy-duty polypropy­
lene netting, Silt Stop sediment control fencing, Anchor It 
wire stapling machines, and Trego pa_ds: , 

··- '··.i .~.:! 1. ::1•' . .. ··; 4.; • ;,..- - • 
•?t..:.~·~·~ 1 ...1.., "•-....--•:.C.~...-:~"•~ l"":, 
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(800) 241 -4137 .aoo1 321 2.:s, 
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9500 Berger Road (800) 394-6665 1612 Taney S11ee1 (SOS) 345-7806 16021 269-3860 
(410) 290-6700 1816) 842•3034 (800) 658-5933 AZ Only 1800, 22• · 1100 
1800) 825-0464 8 Chicago Area (800) 966-2692 

Lombard. IL 60148 18 Ama.,110 A<ea Con1ac1 23 ;:,emon1 Ct.. ; .:535 
3 Burningham Area 1111 Nonh DuPage Avenue t 3 Lmle Rod< Arca Albuquerque. NM 8719; • ;51 s Kato Roac 
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P.O. Box 945 (800) 232-3679 PO Box 17873 4019 Edith Blvd . NE 
2405 Decatur Highway 313 Ph,ll1ps Road 1505) 345,7806 2• Sall lake City Area 
(205) 631-2335 9 Dallas/Fort Worm Area (501) 945-4661 Noru, $alt Lake UT 8• 054 
For TN. AL. FL Only Arhng1on. TX 7601 t For AR-50 I . MS·601. TN-901 Onty 19 Denver. CO 80229 PO Bo, 538 
(800) 476-8246 PO. Box 5624 (800) 432·2217 6'075 North Frankl,n S1ree1 350 Norin Recwooc Roao 

900 Avenue H East (303) 287-3261 1001 1 292.5050 
• C,nonnau. OH 45216 (8171 640-21 61 1• Oklahoma Coty. OK 731 27 (800) 537-4 130 1soo1 ; , 3.1 2e5 

415 Wesl Seymour Avenue (800) 777-2691 PO Box 270786 
(513) 761 -7384 SO 11 West Reno 20 El Paso. TX 79923 25 Tucson AZ 8571 3 
For IN. OH. KY. WV Only 10 Minneapolis, MN 554 14 1405) 946•0512 PO Box 3641 3300 Eas1 J61n Street 
(800) 325-2135 3101 Talmadge Avenue. SE 3842 Durazno 16021 623 039• 

(612) 331-1831 15 Si Louis. MO 63132 (915) 542.i657 
5 Cleveland. OH 44 I 14 1800) 328-4827 Extension 1163 PO Bo, 12414 (800) 637-4688 26 Ya~•ma WA 98901 

3875 King Avenue 1203 Ambassaoor BlvO 609 South Front S11ee1 
(216) 881-1122 (314) 993-5540 15091 575 579.: 
(800) 421-8083 (BOO) 969·2692 {800) 228 0729 ._ ... 

American Excelsior Company 
AN EMPLOYEE OWNEO COMPANY 

P.O. Box 5067 / 850 Ave. H East / Arlington, TX 76011 / (817) 640-1555 / 1-800-777-7645 /Telefax (81 7) 649· 7816 
- With 26 Locations Across The U.S. -

-
6 -94-02 l 
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American Excelsio r Company 

AN EM?LOYEE OWNED COM?ANY 

CURLE x ® 

SPECIFICATIONS: The SUPER 8' WIDE Cur/ex® Excelsior Blanket is a rnachi11e-produced mat of 
curled wood excelsior of 80% six-i11ch o r longer fiber length. ft has a consistent thickness. with the fiber evenly 
distributed over the e11tire a rea of the blanket. The top sidP of each blanket is covered with a photodegradable 
extruded plastic mesh. The blanket is smolder-resis tant withow the use of chemical additives. 

ROLL SIZE: WIDTH .... ........ .. ... , .... .. ... .... .. ...... ...... ....... ....... . 8 FOOT (+/- I INCH) 
LENGTH ............ ......... ........ .... ... .. ................. .. 90 FOOT MINIMUM 
WEIGHT PER ROLL .................. ............... .... .. 72 LBS.(+/- 10%) 
SQUARE YARDS PER ROLL ... ..... .... ..... .. ... ... 80 MINIMUM 

INSTALLATION INSTRUCTIONS: Properly prepare.fertili:e a11d seed area to be covered before 
blanket is applied. \Vhe11 1he bla11ke1 is unrolled, 11e1ti11g should be 011 1op and fibers in co111ac1 wi1h 1/1e sot! 
over 1he e111ire area. In di1ches, apply blankcls in 1he direc1ion of 1he warer flow, bwring rhcm a t 1he sides and 
"shingling" at the ends and then srapling. On slopes, apply blankets either horizontally or vertically to slope. 
butr sides and "shingle" ends and 1hc11 s1aple. It is riot normally necessary ro dig check slots, anchor dirches or 
bury ends of blankers, 11nless called for in specific design specifications. Detailed "Sire Specific .. ins ral/atio11 
insrructions can be obtained from a qualified American Excelsior Company Erosion Co111rol Products 
Represenrative, or by obtaining our detailed CURLE~ BLANKET INSTALLATION SPEC/ FICA TIONS 
MA NUAL f rom the Yakima, WA office by calling us Toll-Free@ J-800-228-0729. 

CONTACT: Phil Davis 
Erosion Control Specialist 

American Excels ior Company 
609 S. Front St. 
Yakima. WA 9890 1 

CALL TOLL-FREE: 1-800-228-0729 




